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modern spectrophotometric methods 


THE BECKMAN MODEL “B” 


accuracy .. . speed . . . simplicity 
AT A NEW LOW PRICE 


Spectrophotometric measure- 
ments—based on analysis of liquid, 
solid or gaseous samples by light ab- 
sorption—have become one of the 
most important methods of today's 
proéess control operations. Complicated analyses requiring hours to per- 
form by standard chemical procedures are now completed in a matter 
of Minutes using modern spectrophotometric methods. 


Up to the present, quality instruments have been beyond the reach 
of Many laboratories. Now, however, the development of the new 
Beckman Model “B” Spectrophotometer makes available for the first 
time a precision instrument—convenient and simple to operate— yet 
versatile, accurate and low-priced. 
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the famous Beckman Quartz and Infrared Spectrophotometers . .. high 
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stray light ... wide spectral range . .. quality construction. 


It features direct reading absorbance and transmittance scales... 
complete elimination of stray light from 360 to 1000 millimicrons—less 
than 1'°% even at 320 millimicrons ...interchangeable phototubes for 
wider wavelength range ...inexpensive 
sample cells ...4-position cell carriage 
for faster readings...and many other 
important features. 

The Model “B” is by all standards 
the Outstanding instrument in its 
field. Write for full details. Beckman 
Instruments, National Technical 
Laboratories, South Pasadena, 
Calif. 


The “Model B” Is 
THE Ideal Instrument 
For Simplifying Routine Analyses 


Regardless of the nature sf your labora 
operations—determination of impurities, con 
of quality, simplifying process control, cc 
matching and control, or any of a wide rang¢q 
other procedures—chances are you can speed 
your analyses and greatly simplify your work 
adopting modern spectrophotometric methods 

But remember—the accuracy and relia 
ity of spectrophutometric analyses are no be 
thon the instrument you use. So be sure to ch 
all the features of the Beckman ‘Model B” Sr 
trophotometer—compare this instrument poin 
point with eny other in its field—and y 
readily see why it is, by all standards, the 
standing spectrophotometer in its price range 


Here is an instrument carefully enginee 

so that stray light effects are negligible . 
instrument where readings can be reproduced 
sample after sample without “drift” or of 
inaccuracies where band widths con be rea 
veried to permit the high resolution require 
many analytical problems... where a variety 
absorption cells can be used interchangeably 
provide optimum path lengths...and where m 
other outstanding features ore provided to ass 
moximum versatility, accuracy and dependabi 
Be sure to get the full details on the m 
money-saving, time-saving applications for 
Beckman ‘Model B” in today’s chemical 
tories and on the many unique advanceme 
built into this instrument that make it such 
outstanding value in its price range. See y 
thorized Beck dealer—or write direct 
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NOTICE TO AUTHORS OF PAPERS 


Manuscripts.—All manuscripts submitted to the 
Editor or presented to the Sections of the Assocta- 
TION should be ready for publication, typewritten 
with double spacing on one side of good quality 
paper 8.5” x 11” in size and with 1” to 1.5” margins. 
In addition to the original typewritten copy one or 
more carbon copies should be submitted in order 
to facilitate examination by members of the Editorial 
Advisory Board or other referees. Each manuscript 
should be accompanied by an abstract of not more 
than 250 words including a summarization of con- 
clusions and recommendations. All pages in manu- 
scripts, including tables but not figures, should be 
numbered consecutively. Previously published and 
readily accessible procedures which have been 
followed in experimental work should not be made 
a part of the manuscript, but should only be referred 
to by appropriate literature references. 


Form of Presentation.—Titles of manuscripts 
should be kept as short as possible and preferably 
restricted to one line. The name of the laboratory 
in which the work described was done should be 
placed in a footnote at the end of the first page. 
Each manuscript should begin with one or more 
introductory paragraphs indicating the intention 
and meaning of the investigation and the method 
of procedure. The introduction should be followed 
by a report of the essential details of the experi- 
mental work, and a discussion or interpretation 
where necessary. Finally there should be a brief 
summary of conclusions and recommendations. 
Authors may find it helpful to arrange manuscripts 
to conform to the style of presentation as illustrated 
in papers on analogous subjects published in recent 
issues of THis JOURNAL. 

In preparing manuscripts for publication in THis 
JoURNAL center headings should be avoided so far 
as possible. Side headings followed by a period 
and dash should be indented and run into the part 
of the text to which they apply. Such side headings 
may be used as freely as desired. Literature cita- 
tions should be numbered consecutively in order of 
appearance in the manuscript and should be indi- 
cated by full-sized Arabic numerals enclosed in 
parentheses. Ifa literature reference is cited more 
than once in a manuscript subsequent citations 

should be indicated by the first number assigned. 
References to footnotes throughout the text should 
be numbered consecutively by superscript Arabic 
numerals, but such references in each table should 
be designated by superscript lower case letters 
beginning with ‘‘e’’ and continuing in natural order. 
Literature citations should be grouped at the end of 
the manuscript under the heading “‘References.” 
Ihe citations should be numbered consecutively 
with full-sized Arabic numerals enclosed in paren- 
theses corresponding to the numbers used in the 
text. The names of all periodicals cited in the list 
of references must be abbreviated in accordance 
with abbreviations given by Chemical Abstracts in 
its “‘List of Periodicals Abstracted."’ The sequence 
followed in the citations must be as follows: 


(1) Doe, J. B., Am. J. Phystol., 79, 289 (1927). 


References to books should be in the order given, 
(1) author's surname and initials, (2) title of the 
book, (3) edition, (4) name of publisher, (5) place 
of public ation, (6) year of publication, (7) volume, 
and (8) page number. A complete book reference 
may be illustrated as follows: 


(1) Gilman, H., “Organic Chemistry,"’ ed. 2, 
John Wiley and Sons, New York, 1943, vol. 2, pp. 
1236. 1252 


Arabic numerals must be used to designate all 
definite weights, measurements, percentages and 
degrees of temperature unless occurring at the 
beginning of a sentence, in which case the numeral 
and measurement are spelled out. Periods of time 
should be written in words. Unusual characters 
and Greek letters should be written plainly and 
legibly or should be explained by notes on the 
margin of the page. Fractions should be written 
with a slant line. Standard abbreviations should 
be used whenever weights and measures are stated 
in the metric system, e.g., 10 Gm., 2.5 cc., etc. 
The forms to be used are: cc., Kg., Gm., mg., mm., 
em., L. and M. 

Figures.—All drawings should be made in India 
ink, preferably on white tracing paper or cloth. 
Original drawings are preferable, but clear, well- 
prepared glossy photographic prints are acceptable. 
The size of illustrations should not exceed the 8.5" x 
11” manuscript size. They should be designed for 
reduction to the width of one column (2.75") or 
full page width (5.5"). Thus, height rather than 
width should be accentuated where possible. 

Numbers and measurements, etc., which are to 
appear on the axes of the drawing should be indi- 
cated in pencil outside the axes, in order that they 
may be set in type. Captions and legends should 
be placed below the diagram (not on it), or, if 
lengthy, collected on a separate typewritten list, 
identifying each by its proper figure number and 
including whatever acknowledgments are necessary. 

Photographs should never be rolled, and paper 
clips should not be used unless guarded by a piece of 
paper folded several times to prevent an indenta- 
tion in the photograph. All drawings and photo- 
graphs should be protected from bending and from 
the chance of having their edges torn while in tran- 
sit. Do not write on the back of a photograph. 
Any indentation in the photograph, however 
slight, will be likely to show as a blemish in the 
reproduction. All figures submitted must be referred 
to in the text of the manuscript, and should be 
numbered consecutively with Arabic numerals, 
e.g., Fig. 1, Fig. 2, etc. Kymograph tracings should 
not be submitted with the original experimental 
legends which are likely to have been hastily or 
carelessly inscribed. Authors may find it worth 
while to employ a professional draftsman to make 
the drawings in proper form for reproduction. 

Tables.—Tables should be carefully constructed 
so that the data presented may be understood 
easily. The indiscriminate use of tables should be 
avoided. Tables should be so constructed as to 
occupy fully a single column (2.75") which will 
take about 40-50 characters and spaces. Tables 
which require two columns are also acceptable. 
Interpretive statements should not be written on 
the body of a table but should be explained in 
footnotes. Column heads should be made as small 
as possible and standard abbreviations should be 
used liberally. Data which may easily be deduced 
by simple arithmetic from data in another column 
should not be included. All tables should be referred 
to in the text of the manuscript and the author 
should indicate as nearly as possible the positions 
in which the tables should be set. It is not neces 
sary to place tables on separate sheets, and in fact 
it is preferable to intersperse them in the manu 
script. Tables should be numbered consecutively 
using Roman numerals. The table number and the 
title should be placed in a continuous heading above 
the data presented. The preparation of a clear and 
concise table of data requires much planning and 
infinite care. 
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The Decomposition of Equilin in Oil Solution™ + 


By DANIEL BANES, JONAS CAROL, and EDWARD O. HAENNI 


Equilin decomposes in oil solutions con- 

taining peroxides, and is partially converted 

to equilenin. The decomposition is ac- 
celerated by light. 


Is AN earlier report from this laboratory (1) 
describing a colorimetric method for the an 
alysis of estrogenic ketosteroid mixtures, it was 
noted that recoveries of equilin were somewhat 
low when oil solutions of known concentration 
were assayed. It was suggested there that the 
losses could be ascribed to the susceptibility of 
the ketosteroid to chemical change. This paper 
presents data elucidating the nature of the de- 
composition of equilin in oil solution. 


EXPERIMENTAL 


The sesame oil solutions of estrogenic ketosterovids, 
whose analyses have been reported earlier (1) and 
are tabulated in Table | (‘Recovered after 1 week’’), 
were again extracted after several months and as- 
sayed according to the procedures previously 
deseribed (1, 2 Comparison of these analytical 
data (Table I, “Recovered after three months”) 
with those first obtained showed a pronounced loss 
of equilin. 


* Received June 12, 1950, from the Chemical Branch of 
the Dévision of Medicine, Food and Drug Administration, 
Federal Security Agency, Washington, D. C. 

| Parts of this paper have been presented by Daniel Banes 
in a dissertation offered in partial fulfillment of the require 
ments for the degree of Doctor of Philosophy in the Depart- 
ment of Chemistry at Georgetown University 


The reliability of the proposed colorimetric 
method was tested by applying it to several portions 
of a freshly prepared solution of estrogens in sesame 
oil. This solution, containing 0.20 mg. of equilin, 
0.70 mg. of estrone, and 0.10 mg. of equilenin per 
mil. of solution, yielded quantitative recoveries for 
all three ketosteroids. Losses of equilin in aged oil 
solutions therefore must have been caused by the 
continuous action of a degradative agent in the 
solvent. 

To study the course of the decomposition of 
equilin in greater detail, various solutions of the pure 
estrogen (m. p. 237-239°, [a]*? = + 325, 0.5%; 
in alcohol) were prepared, employing U. S. Pharma- 
copeia grades of sesame oil, corn oil, and peanut 
oil as solvents. Equilin samples were weighed ac- 
curately, dissolved in alcohol, and heated on the 
steam bath with the respective oils to expel the al- 
cohol. The cooled solutions were diluted with the 
appropriate oils to yield final concentrations of 0.50 
mg. of equilin per ml. of solution. In addition, a 
fourth solution was prepared to contain 1.0 mg. of 
equilin and 0.02 ml. of benzyl alcohol per ml. of 
sesame oil. Each of the mixtures was divided into 
two portions, one of which was stored in the dark, 
and the other on the laboratory desk, but not in 
direct sunlight. 

The prepared samples were assayed for equilin 
periodically. Ketosteroids in 10-ml. portions of 
solution were extracted by the procedure of Carol 
and Rotondaro (2), omitting the use of Girard’s 
reagent T to avoid the possible alteration of decom- 
position by-products during the heating period in 
glacial acetic acid. Equilin was determined by 
treating the mixed benzenesulfonates of the extracts 
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TABLE I 


ANALYSES OF SESAME SOLUTIONS OF KETOSTEROIDS 


Estrone - 


Recovered 
Sample Put in After A Put in 
No Mg./M! 1 Wk. Mg./MI 
1 9.7 9.5 a 0.0 
1 2.8 
1.0 
23 


with BQC reagent (1). The course of the decom- 
position of equilin in oil solutions exposed to light 
is shown graphically in Fig. 1, which presents the 
data upon which the idealized curves are based. 
The nature of the process appeared to be similar for 
all of the oils used, but the speed of decomposition 
was accelerated by benzyl alcohol. 

After four weeks’ storage in the dark, the dupli- 
cate oil solutions were assayed. Recoveries of 
equilin were as follows: sesame oil solution, 95°); 
peanut oil solution, 88%; corn oil solution, 96%; 
benzyl alcohol-sesame oil solution, 68°. Thereafter 
equilin content fell progressively in all samples, per- 
haps due to repeated exposure to light during sam- 
pling. 

All of the oil solvents were found to contain 
peroxides (potassium iodide-starch test), and this 
fact provided a clue to the nature of the degradative 
Equilin is readily oxidized at the 7,8- 
ethylenic bond (3). Even when the steroid is sub- 
jected to conditions under which unsaturated 
compounds normally would be hydrogenated, equi- 
lin is dehydrogenated to equilenin (4). 

When examined spectrophotometrically in ultra- 
violet light, and when treated with BQC reagent, 


process 


Per cent 


5 100 
Days in Solution 
Fig. 1.—Recoveries of equilin from aged oil solu 
tions: sesame oil (@), corn oil | ), peanut oil ({ |) 
and sesame oil with benzyl alcohol (4 ). 


Equilin 
Recovered ——~ 
After 

1 Wk. 

0.0 

2.4 

0.9 

2.0 


———Equilenin 
ecovered ~ 
After 
3 Mo. 


0.0 
2.0 
0.7 
3.7 


the oil solution extracts showed evidence of equi- 
lenin. Several of these extracts were combined, 
dissolved in a small volume of benzene, and chroma- 
tographed on a 21-Gin. Celite 20-ml. 0.4 N sodium 
hydroxide partition column, following the pro- 
cedure of Haenni (5). By this means, there was 
isolated in the third 100-ml. portion of benzene 
eluate a crystalline substance which exhibited the 
distinctive ultraviolet and infrared absorption prop- 
erties of d-equilenin (6, 7). Recovery of this sub- 
stance in the dehydrogenation of equilin at room 
temperature provides evidence confirming the es 
tablished view (12) that equilin and equilenin have 
the same steric configuration in the C/D ring fusion 

The quantities of equilenin formed in the pro 
gressive decomposition of equilin in peanut oil, de 
termined by the use of BQC tests before and after 
esterification (1), are shown in Fig. 2. In all oils, 
the production of equilenin was proportional to the 
loss of equilin, but did not account for all of the 
loss. No effort was made to identify other decom- 
position products of equilin in oil. 

Results obtained in several analyses were checked 
by independent assay procedures. The infrared 
spectrophotometric method (6), and a direct base- 
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50 


Corn Oil 
Benzyl! Alcohol-Sesame Oil 


50 


0. 
Peanut Oil 0 
0. 
1.00 


@ Determination vitiated by background interference 


line ultraviolet absorption technique for equilenin 
were employed. In the latter, the optical densities 
of suitably diluted sample solutions at 340 mag, 
corrected for background interference (half the sum 
of the densities at 310 and 370 my), were compared 
with the corresponding data for pure standard equi- 
lenin solutions. Results, shown in Table LI, were 
in good agreement for all cases in which the respec- 
tive methods were applicable. 


—Equilenin Found, Mg./Ml.— 
BOC LR. Uv 


0.21 0.23 
0.19 0.19 
0.18 0.18 

0.47 


LR. 
0.14 
0.28 
0.18 


The instability of equilin in oil solution may help 
to explain the discordant values reported (8-11) 
for the biological activity of this hormone, from 
0.3 to 1.6 times the activity of estrone. The partial 
conversion of equilin to equilenin represents a pro- 
gressive loss of estrogenic potency during aging of 
its oil solutions. Mixed estrogens deriving a sub- 
stantial proportion of their biological activity from 
their equilin content are subject to similar losses. 


SUMMARY 


1. The instability of equilin in oil solutions 
containing peroxides has been demonstrated. 

2. The rate of decomposition of equilin has 
been shown to be accelerated by light, and also 


to be accelerated by the presence of benzyl 
alcohol. 

3. Equilenin has been obtained as a degrada 
tion product of equilin in oil solution, 
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WHO MAKES IT? 


The National Registry of Rare Chemicals, Armour Research Foundation, 33rd, Federal and Dear- 
born Streets, Chicago, IIL, seeks information on sources of supply for the following chemicals: 


Perilla oil 

Linamarin 

Myricin 

Biliverdin 

Renin 
Hypertensinogen 
Angiotonin 
Pyrithiamine 
2,3-Dimethylbutanol-3 
Ethyl tannate 


N-Nitrosodiethyl amine 
Benzopyrene 
5,5’-Diethoxythioindigo 
Laccase 

p-Sorbic acid 
Phellandral 

Thropanic acid 
Psothanol 

Jaluronic acid 
Carvacrol 
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Iron-Kober Reagent: A More Sensitive Stable 
Reagent for the Determination of Alpha- and 
Beta-Estradiols* 


By EDWARD O. HAENNI}{ 


Minute quantities of iron markedly affect the development of characteristic colors of 
estrogens in the Kober reaction. Detailed study of these effects on the yellow and 
red phases of the Kober colors produced by a- and S-estradiols resulted in develop- 
ment of a new iron-containing phenolsulfonic acid type reagent for these estrogens. 
The reagent is characterized by much higher sensitivity for a-estradiol and a lower 
sulfuric acid content than is usual in Kober reagents. It is stable for months. The 
diluted reagent is highly sensitive for 8-estradiol but does not give a color with 
a-estradiol. Analytical procedures are presented for the determination of a-estra- 
diol and 8-estradiol in mixtures containing up to 30 ug. of total estradiols. Results 
of analysis of such mixtures including laboratory-prepared oil solutions, show very 
good precision and accuracy. Analyses of typical commercial a-estradiol prepara- 
tions (oil solution, aqueous suspension, tablets) yield precise results in good agree- 
ment with those obtained by the infrared method. The colorimetric method is pre- 
sented in conjunction with a simple extraction procedure intended primarily for 
application to those pharmaceutical a-estradiol preparations essentially free of phe- 
nolic estrogens other than the estradiols. Its application in combination with 
partition chromatography to more complex estrogenic pharmaceuticals will be 
described in a later report. 


cedures for estrogens. The chief difficulties with 


A PROCEDURE combining Stimmel's chroma- 

tographic technique (1) with the Carol and 
Molitor method (2) (modified Kober reaction) 
developed in this laboratory for the determination 
of a- and 8-estradiols failed to yield consistent re- 
sults due to variation in lots of activated alumina. 
Although intensive study of the purification and 
activation of the alumina did not result in pro- 
duction of a satisfactory adsorbent, it did lead to 
the discovery of the marked effects of minute 
quantities of iron on the development of char- 
acteristic colors in the Kober reaction for estro 
The present report concerns use of these 
effects in the development of a more sensitive 
stable reagent for the determination of a- and 8- 
estradiols. 


gens.,' 


Although numerous papers (2-12) have been 
published dealing with the application of Kober 
type reactions to the determination of estrogens, 
the significance of the presence of microgram 
quantities of the ubiquitous iron in such reac- 
This 


unrecognized variable probably accounts for an 


tions has not been recognized heretofore 


occasional high color value for a-estradiol ob- 
served in the Carol-Molitor procedure and for 
erratic results experienced with other Kober pro- 


* Received June 15, 1950, from the Chemical Branch of the 
livision of Medicine, Food and Drug Administration, Fed- 
eral Security Agency, Washington, D. C 

t The author wishes to thank his co-workers, Jonas Carol 
and Daniel Banes, for their collaborative analyses and con- 
stant cooperation during this investigation 

! Other metals may have similar effects on the Kober reac 
tion However, because iron is the most likely contaminant 
the present study has been limited to its effects These 
effects can also be demonstrated to occur in the case of phenol- 
free Kober reagents In a later paper it will be shown that 
traces of iron may affect the character as well as the intensity 
of the color produced with some estrogens 


the Kober reaction, however, are inherent in its 
bicolor character. The initial yellow phase is 
better converted to the more specific red phase for 
most quantitative applications. The develop- 
ment of the yellow phase, its rates of conversion 
to colorless or red phases and the intensity and 
stability of the red phase are affected by a number 
of factors; namely, the identity and concentra- 
tion of the estrogen, the composition of the rea- 
gent, the time and the temperature, as well as the 
presence of iron. In general the high concentra- 
tions of sulfuric acid necessary for good de 
velopment of the initial yellow color inhibit the 
conversion to the red phase in varying degrees 
with the different estrogens. Accordingly, most 
methods have included a second stage involving 
dilution of the initial reaction mixture and re 
heating to develop the red color. However, at 
the lower sulfuric acid concentrations necessary in 
the second stage, both the yellow and red color 
components are destroyed at more or less rapid 
rates, depending on the estrogen concerned 
This fact imposes strict control of time, tempera 
ture, volumes of reagent and diluent, and manner 
of operation as a requirement for satisfactory re- 
sults 

Another major limitation to the practical ap- 
plication of the Kober reaction is the fact that 
the necessary heating of estrogenic extracts 
with the usual reagents produces interfering 
yellow-brown colors due to the charring effect of 
the sulfuric acid on nonestrogenic impurities. 
Such impurities in extracts from pharmaceutical 


4 
A 
i 
| 
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estrogen preparations may come not only from 
the estrogenic ingredient but also from solvent 
residues and the stabilizers, excipients or vehicles 
used. This interference is a serious problem in 
the analysis of estradiol preparations, in con- 
trast to ketosteroid preparations, because, first, 
the concentration of estrogen, as well as the ratio 
of estrogen to impurities, is commonly of the 
order of one-tenth as great in the former; and, 
secondly, there is no reagent for the diols compar- 
able to the Girard reagent which permits quan- 
titative isolation of ketosteroids in sufficient pur- 
ity for direct colorometric determination (13). 
Experience in this laboratory confirms the find- 
ings of Venning, et a/. (7), and subsequent in- 
vestigators (1, 14) that correction for such non- 
estrogenic impurities based on the ratio of the 
optical density at the absorption maximum of the 
red color to the optical density at 420 my is satis- 
factory if the ratio is not too low. Accordingly, 
it is desirable that the reagent used have a high 
sensitivity for a-estradiol with a minimum con- 
centration of sulfuric acid. 


Two major effects of iron on the Kober reaction 
with a- and §8-estradiols were soon observed. 
One is the increase in the rate of development and 
intensity of the initial yellow phase. The second 
is the increase in the rate of conversion to the red 
phase. These effects produced by 5 yg. of ferric 
iron per milliliter in the often-used Cohen- 
Marrian type of Kober reagent (4) are shown in 
Fig. 1. Less than 1 yg. of iron per ml. affects the 
reactions. As the consistent exclusion of such 
minute quantities of iron from Kober reactions 
seemed impracticable, it was decided to exploit 
these effects in developing more sensitive rea- 
gents for a- and 8-estradiols. 


An intensive investigation of all the variables 
mentioned above was made, including a study of 
the manner of preparation of many phenolsul- 
fonic acid reagents and their ultimate composi- 
tion. As a result, reagent A was developed, 
which permits complete conversion of the yellow 
phases of both a- and 8-estradiols to stable strong 
red colors in a one-stage heating operation. Ab- 
sorption spectra of the colors produced are shown 
in (Fig. 2,@). The E525 mz — F420 my/2 Values 
are directly proportional within practical limits 
to the concentration of estradiol for both the 
e- and g-isomers, singly and in combination 
(Fig. 2, 6). Reagent B (made by dilution of 
reagent A) develops no color with a-estradiol 
under conditions of the procedure but produces 
a strong red color with 8-estradiol in a one-stage 
heating operation (Fig. 3, a). The E526m — 
£420 mu/2 Values are directly proportional to the 
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Fig. 1.—Absorption spectra of colors formed with 
20 wg. samples of @- and §-estradiols on heating 
ten minutes with 5 ml. of Cohen-Marrian reagent 
(solid line) and with the same reagent containing 
5 wg. of ferric iron per ml. (broken line). 


8-estradiol concentration even in the presence of 
more than twice the quantity of a-estradiol that 
would be found under the conditions of procedure 
B (Fig. 3, 6). Accordingly, a-estradiol is deter- 
mined as the difference between the total estra 
diols from procedure A and the 8-estradiol from 
procedure B. 


EXPERIMENTAL 


The empirical character of the Kober reaction and 
the many variables affecting it necessitated accumu- 
lation of a mass of detailed data in the development 
of the present method. Space limitations do not 
permit its inclusion in this report. Accordingly, 
only a few of the basic experiments related to the 
characteristics of reagents A and B are reported, 
together with some of the general findings regard- 
ing the Kober reaction with a- and §-estradiols. 

Composition of the Reagents.—Reagent A con- 
tains 30 yg. of ferric iron per ml. in a phenolsul- 
fonic acid solution with excess phenol. The solu- 
tion is made with only 42% by volume (55% by 
weight) of concentrated sulfuric acid, the minimum 
content which yields a stable fluid reagent with satis- 
factory chromogenic properties.? Ferrous iron is 
not as efficient an activator as fersic iron, possibly 
acting only after oxidation im sifu. The quantity 
of ferric iron is not particularly critical. The con- 
centration adopted is such as to develop the complete 
reaction without further effect due to fortuitous con- 

? Higher ratios of phenol to sulfuric acid have the desirable 
effects not only of shifting the absorption maxima of the red 
colors with a- and §-estradiols to higher wave lengths but also 


of bringing them closer together. However such reagents 
soon crystallize 
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Fig. 2..-Colors formed with estradiols by reagent A. 
a, Absorption spectra for 20 wg. of a-estradiol (broken line) and 8-estradiol (solid line) in procedure A. 
b, Optical density relation (ODR) Eves ma — Eyeonus Versus estradiol concentration (ug. per 5 ml.) in pro- 
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cedure A for e-estradiol, 8-estradiol, and mixtures containing 50% of each. 
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Micrograms of 8-Estradiol 
Fig. 3.—Color formed with 8-estradiol by reagent B. 
a, Absorption spectra for 20 ug. of 8-estradiol in procedure B. 
6, Optical density relation (ODR) Ese au — Ey mu Versus 8-estradiol concentration (ug. per 5 ml.) in pro- 
2 
cedure B for 8-estradiol (CQ) and 8-estradiol plus 50 ug. of a-estradiol ((). 
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tamination with traces of additional iron. Reagent 
B is prepared by dilution of reagent A with sufficient 
water to inhibit the development of color with a- 
estradiol and still retain a high sensitivity for 8- 
estradiol. 


Reproducibility, Stability, and Sensitivity of 
Reagents.—Twelve batches of reagent A, prepared 
at intervals during eighteen months from various 
lots of phenol and sulfuric acid, have shown the 
following limits of the £525 mz — £420 my/2 values for 
20 pg. of a- and 8-estradiols, respectively: 0.507 to 
0.537, and 0.585 to 0.649. Batches of reagent B 
prepared from these gave limiting values of 0.594 to 
0.632 for E 526 mu — £420 mp/2 with 20 yg. of 8-estra 
diol. The stability of reagent A is indicated by the 
fact that three batches prepared at different times 
and used intermittently during the storage period 
showed the following changes in the values with 
e-estradiol, respectively: from 0.514 to 0.515 after 
seventeen months, from 0.513 to 0.496 after seven- 
teen months, and from 0.513 to 0.509 after thirteen 
months. Moreover, in contrast to the usual phenol- 
sulfonic acid reagents, reagent A shows little de- 
crease in fluidity on storage. These properties per- 
mit preparation of large batches of the reagent and, 
in conjunction with the small quantity used in a de- 
termination, make it possible to quickly prepare 
in one batch a supply for a long period. The ease of 
preparation of reagent B makes its stability a matter 
of less importance. However, it yields satisfactory 
results for at least several weeks after preparation. 
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The comparative sensitivity for a-estradiol of the 
procedures proposed for its determination in the 
presence of 8-estradiol is indicated by the E\% 
values of the yellow color [Umberger-Curtis (12) ] 
and red color {[Carol-Molitor (2) and present pro- 
cedure] at the wave lengths used in the methods. 
These values are, respectively, 1050, 550, and 1350. 
The corresponding values for the red colors obtained 
in the procedures for the determination of 8-estra- 
diol are, respectively, 640, 930, and 1560. 

Color Development-Heating Time Relation of 
Reagents with a- and 8-Estradiols.—The rate of 
change of color intensity with time of heating at 
the time selected is of great significance in deter- 
mining the precision of Kober methods, particularly 
for mixed estrogens In the development of the 
present procedures some sensitivity was sacrificed in 
the interest of producing a red color with both estra- 
diols showing little change within time limits that 
can be easily controlled. Figure 4 (a) shows the 
rate of color development of both estradiols in pro- 
cedure A, while Fig. 4 (b) shows the relation for 8- 
estradiol in procedure B. The period of reaction at 
room temperature in procedure A is necessary to 
produce maximal consistent color development with 
B-estradiol. Its control is not critical for 8-estradiol 
and it may be omitted in the absence of 8-estradiol 
without affecting the color developed by a-estradiol. 
The times stated for cooling and diluting are not 
at all critical but are given as a matter of convenience 
of operation. 
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Fig. 4.—Color development heating time relation for estradiols with reagents A and B. 
a, Optical density relation (ODR) Ev. aa — Eeo mm versus heating time in procedure A for a-estradiol and 


a 
§-estradiol (20 wg. in each experiment) 


4, Optical density relation (ODR) Ly« nue — Ego mit versus heating time in procedure B for B-estradiol 


(20 wg. in each experiment). 
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Stability of Colors.—-The colors are stable for 
several hours after dilution with the concentration 
of sulfuric acid prescribed. The red color from 
8-estradiol is more stable than that from a-estradiol. 
Figure 5 shows fae effect of the concentration of 
sulfuric acid on the stability of the a-estradiol color. 
In this experiment the full color of a-estradiol was 
developed in a large portion of reagent, and at room 
temperature the change in the optical density with 
time of aliquots diluted to the same volume with 
various concentrations of sulfuric acid was measured. 
The diluted solution in procedure A contains about 
39% by volume of sulfuric acid. 


METHOD 


Apparatus 


A spectrophotometer or photometer capable of 
indicating spectral bands of the order of 2 my or less 
in the region of 400-700 mu. (A Beckman Quartz 
Spectrophotometer fitted with matched 1l-cm. ab- 
sorption cells was used in this investigation )* 

Separatory funnels, 125 ml., with well-fitting stop- 
cocks lubricated only with water. 

Silicon ‘carbide, 20 mesh (obtainable from the 
Carborundum Company, Niagara Falls, N. Y.) 

Clean, dry, light rubber finger stalls, small or 
medium size (obtainable from drug supply houses 
or most drug stores). 

Clean, dry, solid glass beads 
eter 

Three burettes with stopcocks lubricated only 
with reagent. The orifice of one burette should be 
enlarged, if necessary, to deliver 1 ml. of reagent A 
in thirty seconds or less. Protect reagents in the 
burettes from absorption of moisture with suitable 
guard tubes. 


4 to 5 mm. diam- 


Reagents 


Skellysolve C or high boiling petroleum ether. 

Dilute sodium hydroxide solution—2 N (approxi- 
tate) 

Sodium carbonate solution— 10% w/v. 

Sulfuric acid solution —mix 35 volumes H,;SO, 
with 65 volumes H,O 
Sodium sulfate 

powder. 
Benzene 
apparatus. 
Carbon tetrachloride—A. C. S. reagent grade. 
Reagent A (Stock Iron-Kober Reagent)-——Dissolve 
1.054 Gm. of FeSO¢(NH,y.SO,¢6H,O (Mohr's 
salt) in about 20 ml. H,O, add 1 ml. H,SO, and 1 ml 
30% HzO. Mix, heat until effervescence ceases, 
and dilute to exactly 50 ml. To 3 volumes of iron 
solution in a volumetric flask add H,SO, (A. C. S 
reagent grade) with cooling to make 100 volumes. 
Redistill U. S. P. phenol* discarding the first 10% 
aud the lust 5°). Collect the distillate with ex 


A. C. S. grade anhydrous 


A. C. S. grade, redistilled in all-glass 


* If the iustrumeut available larger volumes vl 
wlution, the procedures may be extended in range to at least 
0) wg. of estradiols without any other change than doubiin,y 
vt tripling the quantities of reagent and diluent sulfuric acid 
in both procedures Alternatively the specified | mil. of 
reagent may be diluted with greater proportions of sulfuri 
acid, provided the consequent slight shift of the absorption 
maxima of the red colors toward shorter wave lergzths is taken 
into account 

* Use of 1 ib. of phenol and 1 I 
convenient 


flasks has been found 
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Fig. 5.—Fading of color formed with a-estradiol 
versus concentration of H.SO, on standing at room 
temperature. Concentration of H,SO, expressed 
as per cent by volume of H,SO, A. C. S. in the total 
volume of the diluted solution. Initial EX = 
0.42 


clusion of moisture in a dry tared flask of about 
twice the volume of the phenol and equipped with a 
glass stopper. Place the stoppered flask in an ice 
bath to solidify the phenol, breaking the top crust 
with a glass rod to be sure of complete crystalliza 
tion. Dry and weigh the flask. Add to the phenol 
1.13 times its weight of the iron-sulfuric acid solu- 
tion, stopper the flask and allow to stand without 
cooling but with occasional mixing until the phenol 
is liquefied (approximately thirty minutes or less) 
Shake the mixture vigorously until homogeneous and 
allow to stand in the dark sixteen to twenty-four 
hours. Add to the mixture 23.5% of its weight of 
a solution of 100 volumes of H,SO, in 110 volumes of 
H,O. Shake the mixture vigorously to homogeneity. 
Transfer to dry glass-stoppered bottles. Stored in 
the dark and protected from absorption of moisture, 
this reagent is stable for months. 

Reagent B—To a carefully measured volume of 
reagent A in a glass-stoppered graduated cylinder 
add 0.45 volume of H,O, mix, cool, and transfer to 
dry glass-stoppered bottles. Store in the dark and 
protect from absorption of moisture. Inspect be- 
fore use and disperse any flocculent precipitate by 
vigorous swirling of the reagent. With this pre- 
caution the reagent may be used satisfactorily for 
weeks 


Standard Solutiva 

a-Estradiol Standard.—Twenty micrograms /iul 
Dissolve exactly 10 mg. a-estradiol in alcohol and 
dilute with alcohol to 100 ml. in a volumetric 
flask. Pipette exactly !0 ml. of this solution into a 
50-ml. volumetric flask and make to volume with 
alcohol. Store in the dark 
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8-Estradiol Standard.—Iwenty micrograms/ml 
Prepare in the same way from §8-estradiol. Store in 
the dark. 


Sample Solution 

Transfer a portion of the oil (or the estradiol ex- 
tract from tablets or aqueous suspensions, dissolved 
in 5 ml. of ether or chloroform) containing ca. 75-25 
ug. of total estradiols to a 125-ml. separatory funnel 
with 25 ml. Skellysolve C. Add 10 ml. dilute so- 
dium hydroxide, shake vigorously for two minutes 
and allow the two layers to separate completely 
Transfer the aqueous layer to a second 125-ml. 
separatory funnel containing 5 ml. of carbon tetra- 
chloride, avoiding transfer of any insoluble matter 
at the interface. Repeat the extraction with two 
additional 10-ml. portions of dilute sodium hydrox- 
ide, adding each to the second funnel. (The sodium 
hydroxide extraction should be completed as quickly 
as possible. Long standing in strongly alkaline solu- 
tion might cause some decomposition of estradiols.) 
Discard the Skellysolve solution. Shake the alkaline 
solution vigorously with the carbon tetrachloride 
and allow to separate. Draw off the carbon tetra- 
chloride layer closely into a third separatory funnel 
and wash with 5 ml. of dilute sodium hydroxide. 
Discard the carbon tetrachloride and add the alkali 
to the solution in the second funnel, rinsing the 
third funnel with a little water. Acidify the solu- 
tion with the sulfuric acid solution (ca. 8 ml.), 


549 


Procedure A —Transfer in duplicate to dry 18 x 
150 mm. test tubes: (@) an aliquot of the sample 
solution containing 15-25 ug. of total estradiols;* 
(6) 1 ml. of a@-estradiol standard; and (c) 1 ml. of 
8-estradiol standard. Add several pieces of silicon 
carbide to each tube and rapidly evaporate the 
solvent in the steam bath (do not use a current of 
air) until ebullition from the boiling stones just 
stops. Instantly remove the tube, wipe dry quickly 
and transfer to an efficient vacuum desiccator. 
Keep the tube in the desiccator connected to the 
vacuum at least one hour.* To each tube and to a 
blank tube add a glass bead and measure into each 
tube from a burette 1 ml. of reagent A, quickly wip- 
ing the outside of the tip with a piece of absorbent 
paper before each addition. Immediately cap the 
tubes with rubber finger stalls and allow to stand for 
thirty minutes, shaking the tubes vigorously at 
five-minute intervals. Place in a boiling water 
bath for thirty-five minutes, removing and shaking 
each tube for a few seconds after the first five min- 
utes. Transfer to an ice bath for two minutes, then 
remove and add from a burette exactly 4 ml. of the 
sulfuric acid solution. Allow to stand five minutes 
and mix by shaking, first gently, then vigorously, to 
homogeneity. Measure the optical densities of the 
sample and standards relative to the blank at 525 
my (midpoint between the maxima for a-estradiol 
and 8-estradiol) and at 420 mu making any necessary 
corrections due to cell variation. 


Micrograms of total estradiols (calculated as a-estradiol) in aliquot = 

E525 mu sample — (£420 my sample /2) 
E525 my a-estradiol standard — (£420 ms a-estradiol standard/2) 


20 X 


Ts 


Micrograms of 8-estradiol (calculated as a-estradiol) in aliquot = 
Micrograms §-estradiol in aliquot (from procedure B) X 
E525 my 8-estradiol standard — (E420 my 8-estradiol standard /2) 


= 


E525 mu a-estradiol standard — (£420 ma a@-estradiol standard/2) 


Micrograms of a-estradiol in aliquot = 7, — Ba 


cool and shake vigorously with 20 ml. benzene for 
one minute. (In this and subsequent shake-outs 
ignore any slight turbidity persisting after five min- 
utes standing if the interface is sharply defined.) 
Transfer the lower layer to the third separatory 
funnel and repeat the extraction with another 20 
ml. benzene. Discard the acid layer. Beginning 
with the first benzene extract wash the extracts in 
succession with two 5-ml. portions of dilute sodium 
carbonate solution and two 5-ml. portions of water. 
Discard the aqueous layers, drawing off the last 
one as closely as possible. Drain the first benzene 
extract into a dry 100-ml. beaker. Sprinkle about 
a gram of anhydrous sodium sulfate into the benzene 
and swirl the benzene until it is entirely clear. De- 
cant into a 50-ml. volumetric flask avoiding transfer 
of any of the sodium sulfate mixture. (Do not allow 
the stirring rod used in decanting to come in con 
tact with the sodium sulfate.) Rinse the second 
funnel with the other benzene extract from the third 
funnel and add this extract to the beaker. Kepeat 
the clarification by swirling, adding further smal! 
portions of sodium sulfate, if uecessary. Transfer 
the benzene to the volumetric flask. Rinse the 
funnels in succession with two 4-iml. portions of ben 
zene, clarifying each portion in the beaker and de 
canting into the flask. Make to volume with ben- 
zene and mix. 


Procedure B.--Transfer in duplicate to dry 18- x 
150-mm. test tubes: (a) an aliquot of the sample 
solution containing 15-25 ug. of total estradiols;* 
and (b) 1 ml. of 8-estradiol standard. Add several 
pieces of silicon carbide to each tube, evaporate the 
solvent and dry the residue exactly as described in 
procedure A. To each tube and to a blank tube 
add from a burette 1 ml. of reagent B, quickly wiping 
the outside of the tip with a piece of absorbent paper 
before each addition. Immediately cap the tubes 
with rubber finger stalls and place in a boiling water 
bath for exactly two minutes, shaking the tube after 
thirty seconds for a few seconds without removing 
from the bath. Transfer to an ice bath for two 
minutes, then remove and add from a burette ex- 
actly 4 ml. of the sulfuric acid solution. Mix by 
shaking vigorously to homogeneity. Measure the 
optical densities of the sample and standard relative 
to the blank at 526 mu, (maximum for B-estradiol) 
and at 420 my, making any necessary corrections due 
to cell variation 


* It is evident from the data reported that the quantity 
lumits are not restrictive. However, the quantities sug 
gested are convenient in taking aliquots and yield color in 
tensities in a range of high accuracy for the more critical 
a-estradiol determination 

* The dry estrogens are sensitive to excessive heating in the 
presence of air. The technique described is satisfactory for 
handling the smallest quantities without loss, 
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Micrograms of 8-estradiol in aliquot = 
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E526 ms sample — (E420 mp sample/2) 


20 X = 


DISCUSSION 


The precision and accuracy of the method are indi- 
cated by the results shown in the tables. Table I 
shows the results obtained in the analysis of mix- 
tures of a- and #-estradiols in alcohol solutions. 
Table II shows results obtained with synthetic 
solutions of estradiols in sesame oil by three analysts 
in this laboratory, two having had no prior experi- 
ence with this particular procedure. Table III in- 
cludes typical results obtained in analysis of commer- 
cial preparations by this procedure compared with 
the results obtained by the infrared method (15). 

The assay data show that the procedures yield 
precise and accurate results for a- and 8-estradiols 
in mixtures and in pharmaccutical preparations free 
of other estrogenic steroids. 


Taste I 
- a-Estradiol 
Micrograms 
Present 


20.0 


Av. % 
Recovery 


100 


Sample 
1 
5.0 101 


101 


3 
4.8 
‘ 
7 
4.8 
4.8 
) 5 


x 


IT ANALYSIS oF Es 


ANALysts or 


E526 ma 8-estradiol standard — (£420 my 8-estradiol standard/2) 


The extraction and washing procedure, developed 
from that of Carol and Rotondaro (16), separates the 
weakly phenolic estrogens from substances in phar- 
maceutical preparations likely to interfere in the 
colorimetric determinations. 

In common with all related reagents for a-estra- 
diol, reagent A develops some color with other 
estrogenic steroids. Banes (13) applied a modi- 
fication of reagent A to the determination of es- 
trone, correcting for the blue and orange colors due 
to equilin and equilenin, respectively, by means of 
independent colorimetric methods for these two. 
a-Dihydroequilin yields a red color with reagent A 
of about one-half the intensity of that given by a- 
estradiol, while a- and §-dihydroequilenins yield 
weak orange colors. With reagent B a-dihydro- 
equilin develops an intense yellow color which 


{rxTURES IN ALCOHOL 


8-Estradiol ————- 
Micrograms————— 
Present Found 


1.0 
0.9 


5.0 


.0 


TRADIOL MIXTURES IN OIL 


Sample 
8-Estradiol 


Aver 


istradiol 
Average 
Recovery, Found, 
% MI 


100 


Found, 
Analyst 


2 2 


3 oO 5 


Sesame oil solution ml a@-estradiol 5.0 oe 


ml. a-estradiol 


20.0 we 


6 Sesame oil solution —18.0 sg 


Taare 


ANALYsIS OF COMME 


Declared 
a-Kstradiol 
Content 
Oil sulution  a-estradiol, chloro mng./ce 
butanol, sesame oil 
Aqueous suspension—-a-estradiol, 
chlorobutanol, acacia, phenol, 
saline solution 
lablets —a-estradiol with excipi- 
ents 


0.28 /cc 


0.022 mg./tab. 


age 
Recovery, 
‘ 


4.0 ug/ml. 8- 


Sample 
8-Estradiol 
Average 
Recovery, 
% 


a-Estradiol 
Average 


Found, Recovery, Found, 


wg. /Mi 


100 100 


99 


101 


estradiol 
estradiol 


RCIAL ESTRADIOL PREPARATIONS 


Infrared Method, 
a Estradiol 
Found 


O42 


Colorimetric Method, 
{stradiols 
lotal 
0.047 
048 
286 


0.046 
0.047 
0.269 
0.270 


0.001 
0 
0. O17 
O17 


26 


0.014 
0.014 


OLS 
O15 


0.001 
0.001 


0.014 


> — — — 
5 covery 
uk = 5.0 99 
15.1 4.9 
3 ion 9.4 10m 9.9 98.5 
9.8 
oh. 4 5.0 99 15.0 14.8 99 
ie 14.8 
5 1.0 70 20.0 20.0 100 
6 5.0 5.0 5.1 102 
5.1 
Le 7 25.0 2 105 5.0 5.6 112 ; 
2 5.6 
ar 8 10.0 06.5 20.0 20.0 100 
on 20.0 
I 20.0 5.1 102 17.7 
20.1 5.1 18.2 
5.0 100 18.1 
5.0 1.1 
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serves as an indicator of its presence but does not 
significantly interfere in the determination of 8- 
estradiol.’ 8-Dihydroequilenin gives a weak orange 
color with reagent B, equilin a weak blue-green. 
Estrone, equilenin and a-dihydroequilenin do not 
yield colors with reagent B. 

The procedure presented for determination of 
a- and §-estradiols is intended primarily for the 
analysis of estrogenic pharmaceutical preparations 
essentially free of other phenolic estrogens. In a 
subsequent paper the author will describe the ap- 
plication of the reagent in conjunction with a simple 
partition chromatographic method to the deter- 
mination of a- and 8-estradiols in estrogenic mix- 
tures including the other diols and the ketosteroids. 


SUMMARY AND CONCLUSIONS 


1. The effects of minute quantities of iron 
on the development of characteristic Kober colors 
with estrogens have been studied. 

2. A stable, highly sensitive iron-Kober rea- 
gent has been developed, producing maximal red 
colors with a- and 8-estradiols in a single-stage 
heating operation. The diluted reagent is highly 
sensitive for 8-estradiol even in the presence of 
a-estradiol. 

3. Results of analysis of mixtures bf a- and 
8-estradiols ranging up to 30 wg. and including 
as little as 1 yg. of one isomer in the presence of 


7 Reagent B readily permits visual detection of less than 
1 pg. of B-estradiol, One microgram in the presence of as 
much as 100 gg. of a-dihydroequilin is readily observed by 
diluting the colored solution with two volumes of alcohol, 
which destroys the yellow color produced by a-dihydroequi- 
lin 
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20 wg. of the other show very good precision and 
accuracy. 

4. A procedure for the determination of «- and 
8-estradiols in oil solution is presented. Results 
of analysis of such solutions by different analysts 
also show very good reproducibility and accu 
racy. 

5. Application of the method to typical com- 
mercial a-estradiol preparations (oil solution, 
aqueous suspension, tablets) shows that the 
method gives results concordant with those ob- 
tained by the infrared 
method. 

6. The method is not applicable to prepa 
rations containing appreciable proportions of 
other phenolic estrogens. 


spectrophotometric 
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SECOND PAN-AMERICAN CONGRESS OF PHARMACY 


The Second Pan-American Congress of Pharmacy will take place in the City of Lima, Peru, 


December 1-8, 1951. 
Bazan, the General Secretary of the Congress. 


Announcement of the date has just been made through Dr. Hector Zayas 
Members of the AMERICAN PHARMACEUTICAL ASSOCIA- 


TION who attended the First Congress, which was held in Cuba in December, 1948, will recall the 
friendly relations which were fostered during this meeting, and it is anticipated that a large number of 
pharmacists from the United States will plan to attend the Second Congress. 

As the program for the Congress is developed by the Special Committee which has been appointed 
for that purpose, further announcements will be made in the JOURNAL, 
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Toxicity and Repellency to Rats of Actidione* 


By ROBERT TRAUB}, JAMES B. DeWITT, JACK F. WELCH, and DORIS NEWMAN} 


The antibiotic actidione was found to be highly repellent to laboratory rats and to 


significantl 
accept fi or water containin 
tion and died of starvation an 
of actidione per liter. 


reduce gnawing attacks upon treated paperboards. 


Rats refused to 


this material even under conditions of acute starva- 
thirst rather than accept water containing 1.0 mg. 
The compound is highly toxic to rats with the minimum 


— dose by oral administration being approximately 1.0 mg./Kg. body weight. 

rboard treated with the compound resisted gnawing attacks by specially 

ae and motivated rats for periods of two hundred hours, although similar un- 
treated boards were pierced within thirty to sixty minutes. 


| Chaat in 1947, workers in the Research Lab- 

oratories of the Upjohn Company described 
a new antibiotic produced by certain strains of 
Streptomyces griseus (1). The compound was 
described a di-ketone, and was said to have the 
empirical formula of CyHyN.O;. Subsequent 
publications (2-4) stated that the compound was 
with the formula 
The crude product was stated to be highly irri- 
tating to the skin, and the (LD) to 
various animal species was found to be: labora- 
tory 150 mg./Kg. (I. V.); guinea pigs, 
60 mg./Kg. (S. C.); rabbits, 17 mg. Kg. (1. V.) 
cats, 4 mg./Kg. (1. P.); Kg. (S.C.); 
Kg. (1. V.). Others have remarked 
variability toxicity 
found to 


a mono-ketone 
toxicity 
mice, 
rats, 2.7 mg 
and 2.5 mg 
on the species 
(5). Recently, 


offer promise as a fungicide in the control of 
plant diseases (6). 


regarding 


actidione has been 


During the course of experiments at the Army 

- Medical Department and Graduate 
School on the efficacy of various chemicals in 

the chemotherapy of parasitic infections, it was 

noted that mice and rats would not drink water 

containing actidione. 

solutions of this antibiotic were highly repellent 

to rats even at extreme dilutions, and that food 

dipped in such solutions was rejected by the ani 


Research 


Investigation showed that 


mals. Studies at the Patuxent and Denver 


laboratories of the Fish and Wildlife Service! ex 
tended these observations and confirmed the pre 
vious findings as to the repellent activity of the 


* Received May 27, 1950, from the 
ment Research and Graduate School, 
and the Fish and Wildlife Service of the 
Interior, Laurel, Md; Denver, Colo 

t Major, M.S. C 

t With the technical 
William G. Jahnes 

' These studies were made under 
Quartermaster Corps, Department of the Army. Acknowl- 
edgment is made of the cooperation of Dr. Ray Treichler, 
of the Office of the Quartermaster General, and to Capt 
Robert Koenig, MC, of the Department of Parasitology, 
\MDRGS Actidione was obtained from the Upjohu Co 
Kalamazoo, Mich Microscopic studies of the pathology of 
actidione were made by Major T. C. Jones, VC, under the 
direction of Brigadier General R. © Dart, of the Armed 
Forces Institute of Pathology. 


Army Medical Depart 
Washington D.C 
Department of the 


assistance of Ervin Bellack and 


a contract with the 


compound. Data on the acceptability, repellent 
activity, and toxicity of actidione are presented 


in this report. 


MATERIALS AND METHODS 


Toxicity Studies.—Toxicity to laboratory rats was 
determined by administration of aqueous solutions 
or suspensions by stomach tube. Concurrent 
studies on the efficacy of actidione in experimental 
amebiasis in rabbits provided an indication of the 
toxic reactions following subcutaneous, intraperi- 
toneal, and intramuscular inoculation of a total 
dose of from 2.5 mg /Kg. to 15 mg./Kg. of actidione, 
applied within a period of from five to seven days. 

Acceptance Tests.—An index of the repellency 
to rats of actidione was obtained by offering labora 
tory animals water or food containing varying 
amounts of the compound. In initial experiments, 
individual and pairs of rats were offered standard 
bottles containing aqueous solutions of the follow- 
ing concentrations (mg./L.): 0.1, 1.0, 5.0, 10.0, 
25.0, 50.0, 100.0, and 200.0. No other source of 
water was available, but untreated food was placed 
in the cages. In some experiments an alternative 
of untreated water was offered moribund animals. 

Other animals were deprived of food for three 
days and then offered food which had been dipped 
in water containing 5 to 200 mg./L. of actidione 
and then allowed to dry exposed to air for two 
weeks. After having access to no other food for 
periods of one hour to three days, these rats were 
simultaneously given untreated food. 

Final determination of the effects of actidione 
on the acceptance by rats of treated food was mad 
when individually caged animals were given two food 
one containing 20 Gm. of ground laboratory 
chow, and the other containing 20 Gm. of food treated 
to contain 1.0, or 0.5% of actidione. Observations 
were made over a four-day period. Simultanc 
ously, another group of rats was given a diet con 
taining 0.5°% actidione with no other food available 

Laboratory rats were trained and motivated to 
attack paperboard panels by requiring them to gnaw 
through such materials in order to obtain food 
Test panels consisting of five plies of 16-Ib. kraft 
paper were coated with a suspension of actidione 
in lacquer to give a final concentration of 0.05 Gm 
of actidione per square inch of surface, and exposed 
to attack by the rats. To imsure maximum activ- 
ity, test animals were replaced at hourly intervals 
until penetration of the barrier was achieved. 
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Because it soon became apparent that the com- 
pound was irritating to the animals, it was decided 
to incorporate it in the test panels, rather than 
apply it as a surface coat. Test panels consisting 
of 10 plies of paper were prepared in which the second 
ply was coated with actidione at a concentration of 
0.05 Gm./sq. in. Since these panels were quite 
resistive, the limited number of trained rats avail- 
able made it impossible to replace the animals each 
hour. Accordingly, fresh animals were placed in 
the cages at irregular intervals. Following contact 
with the test barrier, each animal was held for 
observation for a period of one week. 

A dual-treated barrier technique was also em- 
ployed in certain tests, utilizing barriers Nos. 6 and 
10 (referred to in Table I). These barriers were cut 
to a size so that when attached to a piece of card- 
board having the standard barrier dimensions, they 
covered half of the barrier surface. Ten sheets of 
kraft paper, laminated with latex, were mounted on 
the other half to complete the barrier. The sur- 
face of the latter half was coated with sodium sili- 
cate in a concentration of 0.1 Gm./sq. in., and the 
barriers were shaped to simulate the edge of a car- 
ton. Exposure to attack was carried out as outlined 
above. 


RESULTS 


Toxicity.-The following results were obtained 
after oral administration of actidione to laboratory 
rats: 


Dosage Level, 


No. Killed Time until Death 


2 Survived 


CON andicates the animals died during the night following 
dosing. 


All animals which received the higher doses had 
bloody urine and profuse watery feces. 

Rabbits apparently are more resistant to actidione 
than are rats. Nine out of 10 rabbits in each in- 
stance survived dosages of 2.5 mg./Kg. and 4.5 mg. / 
Kg. administered by intraperitoneal injection. This 
mortality rate compares with that in untreated and 
uninfected control rabbits on a similar diet lacking 
greens. Only 7 of 10 rabbits survived intramuscu- 
lar inoculation of 3.5 mg./Kg. actidione. Suscepti- 
bility of rabbits to actidione varied considerably 
One of two rabbits in each instance survived intra 
peritoneal injection of 9 mg./Kg. and 15 mg./Kg., 
respectively. Preliminary studies on the pathology 
of rabbits inoculated with actidione indicate that the 
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following symptoms may be somewhat character- 
istic: loss of weight, enteritis, small hemorrhagic 
areas in the intestines and necrotic areas about the 
site of intramuscular injection. However, the 
Armed Forces Institute of Pathology states in lit. 
that there are no distinctive histologic features 
which can be attributed to the effect of this drug. 
At least it is apparent that no lesions have been dis- 
covered which explain the symptoms described in 
these animals. Several intercurrent situations are 
recognized and are of interest, but do not appear to 
add significantly to the study of the action of this 
drug. 

Acceptability.—Individually caged laboratory rats 
failed to consume any measurable quantity of an 
aqueous solution containing 200 mg. actidione per 
liter, even though no other source of water was avail- 
able, during an eleven-day test period. Normal 
(untreated) food was furnished ad libitum, but food 
consumption dropped from 10.3 Gm./animal dur- 
ing the first twenty-four hours to 2.7 Gm./animal 
during the second twenty-four hours. No food was 
consumed after forty-eight hours, and all animals 
died on the eleventh day of the test. Observed 
symptoms were extreme emaciation (animals lost 
an average of 38% of body weight during the first 
seven days) and bloody areas on the nose and front 
feet. 

Similar results were obtained with solutions con- 
taining as little as 1.0 mg./L. A solution contain- 
ing 0.1 mg./L. appeared markedly repellent, but 
appreciable amounts were taken overnight. Rats 
which had refused to drink solutions containing 
5.0 and 1.0 mg./L. for three or four days avidly 
drank normal water offered at that time (Fig. 1) and 
recovered uneventfully. 

No weighable amount of treated food was eaten 
by rats offered laboratory chow containing 0.5% 
to 1.0% of actidione. Untreated food simultane- 
ously available was eaten only during the first 
twenty-four hours, very little being accepted after 
that period. The nose and front feet were bloody 


Fig. 1.—Relative acceptance by rats of actidione 
solution and water. Photograph taken fifteen 
minutes after animals were given water after a four- 
day period during which the actidione solution was 
the only available liquid. 

At the left, actidione in water (100 mg./liter). 
At the right, plain water. 
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Mg./Kg. 
. 200.0 2/2 5 hr. 
150.0 2/2 5 hr. 
100.0 2/2 5 hr i 
75.0 2/2 5 hr. 
50.0 2/2 ON 
25.0 2/2 ON | 
15.0 2/2 ON 
10.0 2/2 ON 
7.5 2/2 ON; 26 hr. 
5.0 2/2 ON; 24 hr. 
2.5 2/2 24 hr.; 25 hr. SS 
2.0 2/2 ON; 23 hr. 1 
1.5 2/2 25 hr. ay 
4 1.0 1/2 25 hr. q 
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at the end of forty-eight hours and all animals were 
dead at the end of ten days. Similar results were 
obtained with rats on a diet containing 0.5% of the 
antibiotic, when no other food was available. These 
animals rapidly lost weight, and all were dead by 
the tenth day 

Rats which had been given normal water, but 
were limited to food which had been dipped in water 
containing 50 to 200 mg. of actidione per liter, 
died within seven to ten days after being placed on 
the diet. Bloody noses and front feet were again 
characteristic. Rats which had been starved for 
three days would approach such treated food when 
offered, but not so quickly as for untreated food. 
The treated food was generally quickly expelled 
from the mouth. Following this, the animals would 
rub their noses with their feet, or against the cage 
After a few more attempts at eating, with similar 
results, the animals would ignore the food. Some 
became vile-tempered and fought constantly. Asa 
rule, when untreated food was offered subsequent to 
rejection of the actidione-treated pellets, such food 
was eaten avidly. 

Rats were observed to feed rather regularly on 
pellets which had been dipped in water containing 
10 to 40 mg. of actidione per liter. This was done 
with less scurrying about and rubbing of noses than 
in the previous test, but even so, most of the food 
was apparently rejected. Much of it was wasted 
and scattered about during the attempts to eat the 
pellets. It was observed also that the animals drank 
large amounts of water while attempting to feed on 
the treated baits. Four out of five rats failed to 
survive three days of starvation followed by seven 
days on a diet that had been dipped in water con- 
taining 10.0 mg. of actidione per liter 


Barrier Studies.—Specially trained rats failed 
to damage barriers which had been coated with 
actidione. These tests were difcontinued it the 
end of fifteen hours’ exposure, since it appeared that 
the irritant properties of the compound were affect- 
ing the reaction of the animals. Subsequent tests, 
utilizing barriers in which the actidione had been 
added to an interior layer, are summarized in 
Table I. 


Fig. 2.—-Comparison of resistance to gnawing 
imparted by actidione and sodium silicate. 

Barrier A, left. At the top, sodium silicate (0.1 
Gm./sq.in.). Beneath, actidione (0.05 Gm./sq.in.). 

Barrier B, right. At the top, actidione (0.05 
Gm./sq.in.). Beneath, sodium silicate (0.1 Gm./ 
sq.in.). 


TABLE I 


Total No. 


Barrier 
No. 


No. Rat 
Used 


9 


14 


Hours Barrier 
Exposed to 
Rat Attack 


Condition of 
Barrier at End 
of This Period 


Penetrated 


Surface sheet 
removed only 


Penetrated 


Penctrated 


Penetrated 


Only slight 
damage to 
surface sheet 

Penetrated 


Surface sheet 
removed only 
Only slight 
damage to 
surface sheet 
Only slight 
damage to 
surface sheet 


Comments 

One rat died twenty-four hours 
after removal from test cage 

No animals died. One, however, 
appeared sick on sixth day after 
exposure 

No animals showed signs of being 
sick 

Barrier slipped so one edge was 
available. It is felt this facili- 
tated penetration 

Here again the barrier slipped out 
of position allowing the animal 
to attack it along the edge 

None of the animals showed any 
ill effects from contact with the 
barrier 

This animal attacked barrier near 
edge and was observed peeling 
back the laminated sheets. It 
had no ill effects as a result of 
contact with barrier 

Animals showed no ill effects 


Animals showed no ill effects 


Animals showed no ill effects 
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In the tests involving the dual-treated barriers, 
barrier A (Fig. 2) was mounted with the actidione- 
treated portion at the bottom of the frame, while 
the sodium silicate portion of barrier B was at the 
bottom. This difference in position did not affect 
the results, since attacks on both barriers were largely 
confined to the sodium silicate-treated portions. 
After one hundred and one hours of continuous ex- 
posure to attack, the actidione-treated portion of 
barrier A was damaged only slightly. The acti- 
dione-treated portion of barrier B showed greater 
damage after exposure of one hundred ninety-nine 
hours, but again penetration took place largely 
through the portion treated with sodium silicate. 
For a period of days prior to penetration, much of the 
protective coating of both halves of barrier B was 
gone. Even so, test animals which regularly would 
gnaw through V-3S fiberboard barriers within one 
to two hours were reluctant to attack the test bar- 
rier. None of the animals used in this test showed 
any ill effects from contact with the antibiotic. 


DISCUSSION 


On the basis of these tests, it is evident that 
actidione is highly repellent to laboratory rats 
and that barriers containing this compound are 
highly resistant to gnawing attacks by these ani- 
mals. The animals were observed to avoid the 
barriers after initial contact and there was little 
evidence that any animal reattacked a barrier 
during subsequent exposure periods. Similarly, 
starved animals which had initially rejected 


treated food would again refuse to eat such food 
on a subsequent exposure. 

Penetration of the barriers in a number of in- 
stances was facilitated by the barrier slipping out 
of position so that the rat could attack along one 


edge. In this way, the sheets of the laminate 
could be removed with minimum contact with the 
active material. 
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It should be pointed out that coating the barrier 
or plies of a laminate with actidione at a rate 
of 0.05 Gm./sq. in. was a routine screening pro- 
cedure and does not constitute a recommenda- 
tion that this concentration be used in practical 
application. It should not be implied that this 
is the minimum rate of application which has 
a marked repellent effect —that rate is yet to be 
determined. The high order of repellent activity 
shown by the acceptance tests might indicate 
that protection of packaging materials might 
be achieved through the use of relatively small 
concentrations of the compound. 

Although the toxicity and irritant properties 
of actidione might limit its use as a rodent de- 
terrent, these studies have shown that protec- 
tion against rodent attacks may be achieved 
through the use of relatively small concentrations 
of an active material. It should be noted that 
in no case was it certain that an animal died as 
the result of contact with actidione during the 
barrier experiments, which may indicate that 
methods may be devised for the elimination of 
hazards connected with such use of the compound. 
However, definite proof of this point must be 
obtained before the use of actidione as a rodent 
repellent can be recommended. 
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The Spectrophotometric Examination and Acute 
Toxicity of Rutins Obtained from Fagopyrum 
esculentum (Buckwheat) and 
Sophora japonica*' 


By J. W. E. HARRISSON, BELLA W. SELTZER, and ERIC W. MARTIN 


The results of comparative toxicity tests on 
rutins isolated from Sophora japonica — 
nacece) and Fagopyrum esculentum (Poly 

aceat) are presented. The acute toxicity of 
S. japonica rutin when administered intrave- 
nously to mice does not differ from that of F. 
esculentum. The absorption spectra of the 
two rutins in the ultraviolet are identical. 


T= flavonoid glycoside rutin was first iso- 

lated in 1842 from Ruta graveolens (common 
rue) by Weiss (1). During the next one hundred 
years it was obtained from approximately 40 
species of plants under many names, including 
rutoside, eldrin (2), melin, phytomelin, myrti- 
colorin, osyritin, and violaquercitrin (3). A 
comprehensive bibliography of 224 references 
(4) covering the chemistry, pharmacology, and 
clinical uses of rutin has been published 

Little interest was evidenced in rutin until Dr. 
J. F. Couch of Eastern Regional Research Lab- 
oratories showed, in collaboration with Dr. J. Q. 
Griffith (6), that the glycoside possessed ‘“‘vita- 
min P”’ activity (decreases capillary fragility). 
Couch, Naghski, and Krewson (12) obtained 
their first supplies of rutin from tobacco, but 
later developed methods for its extraction from 
the more commercially practicable source, buck- 
wheat. 

The use of this glycoside in capillary fragility 
and hypertension is now widely accepted (5-8) 
and it is recognized by the N. F. [IX (1950) which 
states 

“Rutin is the 3-rhamnoglucoside of 5,7,3’,4’- 
tetrahydroxyflavonol obtained from buckwheat, 
Fagopyrum esculentum (Fam. Polygonacee) or 
other sources and contains, on a moisture-free 
basis, not less than 95 per cent CeHyOj..” 

It may also be described chemically as the 
3-rutinoside of quercetin (3,5,7,3’,4’-pentahy- 
droxyflavone), rutinose being 6-p-glucose-8-L- 
rhamnoside (9). The structural formula is 
shown at the top of the next column 

* Received May 5, 1950, from the Research Laboratories 
of LaWall and Harrisson, Philadelphia, Pa 

Presented to the Scientific Section, A. Pu. A 
City meeting, May, 1950 

t This investigation was undertaken at the request of the 


J. T. Baker Chemical Company, Phillipsburg, N. J., and is 
published with their permission 
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Rutin was first isolated by Stein in 1853 from 
Sophora japonica under the name of ‘‘melin.” 
It was also obtained from this plant in 1924 by 
Charaux (10). 5S. japonica is a species of a 
papilionaceous genus known to contain toxic 
alkaloids of the lupinane group (11). This source 
is more familiarly known as the ‘‘pagoda tree” 
and is cultivated by the Chinese for ornamental 
purposes. The flower buds, sold as ‘Chinese 
yellow berries,"’ have been used for many years 
to dye garments yellow, one of the yellow pig- 
ments being rutin. However, this source had 
not been exploited commercially until recently 
when it was discovered that S. japonica contained 
several times as much rutin as buckwheat (12, 
13). Some analyses run as high as 22 per cent of 
rutin on the dried basis (14). 

The possible presence of toxic principles in 
Sophora species (11) necessitates rigid purity 
control and advisedly indicates toxicity control. 
Accordingly, purified samples of S. japonica rutin 
have been compared spectrophotometrically 
with buckwheat rutin to determine identity and 
purity. In addition, an acute toxicity study has 
been made to compare the toxicities of the two 
rutins. 
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ScIENTIFIC EpIrion 


ABSORPTION SPECTRA 


The ultraviolet absorption spectra of several 
flavone and flavonol glycosides, including rutin, were 
compared in 1925 by Tasaki (15). He showed that 
the character of the absorption spectra was influ- 
enced by the position of attachment of the sugar 
moiety. Therefore, identical spectra, in conjunc- 
tion with the melting point of the aglycone querce- 
tin, obtained by hydrolysis, are usually considered 
to be sufficient proof of identity. The percentage 
of light transmitted at the absorption maxima is an 
index of the purity of the glycoside and the spec- 
trophotometric method of assay (16) is now offi- 
cially recognized by the National Formulary. 


Experimental 

Apparatus.—The absorption spectra reported 
were determined with a model DU Beckman Spec- 
trophotometer, using l-cm. quartz cells. The 
cells were calibrated aad all absorbancies reported 
are corrected. 

Rutin, Samples..-Three samples of buckwheat 
rutin and three samples of S. japonica rutin were 
submitted by the J. T. Baker Chemical Company 
and were examined as received after a preliminary 
drying. The analytical data for the six samples are 
shown in Table I 

Determination of Spectra.—Buckwheat rutin 
sample No. 3 and Sophora rutin sample No. 4 were 
used for spectrometric comparison. Exactly 50 
mg. of each sample as received was dissolved in 100 
ml. of hot aldehyde-free alcohol, cooled, and diluted 
to 100 ml. with the alcohol. A two-milliliter ali- 
quot was then diluted with 1 cc. of 0.02 N acetic 
acid and sufficient alcohol to make 100 ml. (1 mg./ 
100 ml.). The absorbancies for each solution were 
plotted against the corresponding wave lengths 
from 220 to 800 mu. 


Discussion 

The ultraviolet absorption spectra for both 
Sophora japonica and Fagopyrum esculentum rutins 
are shown in Fig. 1. They are identical except for 
a very slight variation in absorption at the maxima 
and minima. This is due to the fact that the 
curves were determined on the samples as received. 
If both series of specific absorption coefficient values 
at the different wave lengths are calculated back to 
the two rutins on a moisture-free basis and a very 
small correction is made for quercetin content the 
two curves are then identical. 

The specific absorption coefficient at Ass. for the 
Reference Rutin of the National Formulary when 
dried at 125° for sixteen hours over barium oxide 
under a vacuurn of less than 3 mm. of mercury is 


50 


“ophore Putin 


200 250 300 350 400 450 
Wave length (my) 
Ultraviolet absorption spectra of buck 
wheat and Sophora rutins. 


Fig. 1 


33.22. The lower K values indicated by the curves 
in Fig. 1 are the result largely of moisture content 
(see Table I). 


ACUTE TOXICITY 


The toxicity of rutin was first investigated in 1913 
by ‘Garino (17) who administered the glycoside 
orally to dogs. He found it to be practically non- 
toxic. Other workers (18-21) using different animals 
also reported rutin to be nontoxic when given 
orally. There has been very little published, how- 
ever, on the acute toxicity of the glycoside. Wil- 
son, Mortarotti, and Doxtader (22) of Western 
Regional Research Laboratories reported in 1947 
that intravenous injections in rats, guinea pigs, and 
rabbits of 30-200 mg./Kg. were innocuous, and they 
concluded that ‘‘on the basis of the criteria em- 
ployed, rutin is nontoxic both acutely and chron- 
ically.” In order to compare the relative toxicities 
of the two rutins it was necessary to administer 
sufficient of the drug, if possible, to produce some 
toxic manifestations. Notwithstanding the fact 


Tasie I.—-ANALYTICAL DATA FoR RuTINS" 


Buckwheat 
Sample No 1 2 
Moisture 7.43 
Ash 0.06 0.06 
Rutin 97.90 98.40 
Quercetin 0.85 .70 
Chlorophyll 0.0005 0.0005 
Red pigment 0.0000 0.0000 


6.42 


* The above calculations except for water content, are on the anhydrous basis 


Sophora 
5 


7.80 
0.05 
95.60 
1.20 
0.0002 
0.0000 
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that Wilson and his colleagues had used propylene 
glycol solutions without the development of any 
untoward symptoms, larger doses were administered 
in the same solvent, as it was found possible after 
investigation to increase the concentration of rutin 
in this solvent. A large number of animals, 177 in 
all, were injected with increasingly large quantities 
of rutin in order to obtain a definite response. Al- 
though no end point had been established in pre- 
vious acute toxicity tests, at higher levels both 
rutins were found to be toxic. There is no differ 
ence, however, in their degree of toxicity. Since 
the amount of propylene glycol injected intrave- 
nously was well below the M. L. D. of 16.8Gm./Kg. 
reported for rats by Seidenfeld and Hanzlik (23) 
the solvent per se is not therefore presumed to be 
responsible for the degree of toxicity established. 


Experimental 

Animals.— Male Swiss albino mice of the Fair- 
field strain, each weighing 18-25 Gm., were used as 
the test animals. 

Rutin Injections.__The solubility of the rutin in 
various solvents tried was so meager that suspen- 
sions of the glycosides were first used. These were 
made by grinding the rutin in relatively nontoxic 
solvents of which propylene glycol appeared to be 
the most useful. Preliminary tests (data not given) 
were made by diluting a 40°) suspension of rutin 
in propylene glycol with an equal volume of iso- 
tonic sodium chloride solution. Thirty mice were 
injected in the tail vein with 0.25 ml. of this 20% 
suspension, five mice being used for each sample of 
rutin. At the end of twenty-four hours all 15 mice 
injected with buckwheat rutin were alive, with 
sample No. 4 one had died and one was very ill, with 
sample No. 5 one was ill, and with sample No. 6 
two had died, the last three samples being Sophora 
rutin. Experiments were then set up with controls, 
using a rutin suspension. The results are recorded 
in Table IT. 


Taste Il.—Acute Toxicity or Rutty SuSPENSIONS* 


Approxi- 
mate 
Dose of 
Rutin,> No 
Sample Me /Kg. Mice 
Solvent 
Propylene glycol and Nor- 
mal salt solution aa 


None 10 


Buckwheat rutin 

No. 1 8500 
5000 
3500 
5000 
3500 
5000 


No.2 
No.3 


Sophora rutin 
3500 
5000 
3500 
5000 
3500 
5000 
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It was felt that many of the deaths observed 
might be due to the intravenous injection of sus- 
pended material, and a near approach to the pos- 
sible M. L. D. for the propylene glycol. Further- 
more there was the distinct possibility that the 
actual toxicity of the rutin was unmanifested by 
reason of its not being in solution. To eliminate 
these questionable points many attempts were made 
to prepare rutin solutions Of sufficient concentra- 
tion whereby an adequate dose could be given within 
the capacity of the animal and without any likely 
side effect by the solvent. It was eventually found 
that solution of the rutin could be effected by 
warming a 20% suspension of the glycoside in pro- 
pylene glycol to about 75°. The greenish, slightly 
turbid solutions were cooled to 37° before adminis- 
tration. Prolonged heating was avoided because 
otherwise a change in color took place, indicating 
that possibly alteration of the rutin through hy- 
drolysis or other degradative reactions was taking 
place Prolonged standing was also avoided be- 
case the rutin comes out of solution as a thick 
unctuous mass if allowed to stand at room tem- 
perature. 

The data recorded in Table III are the results ob- 
tained with these injections of rutin solutions, and 
they are to be distinguished from data on the in- 
jection of rutin suspensions. 

Discussion 

Using suspensions of the two rutins, Sophora and 
buckwheat, it was noted that the L Dy» dose was prob- 
ably above 3500 mg./Kg. of mouse. Subsequent 
tests indicated that the L Dy was likely below 5000 
mg./Kg. (Table II). It was felt that these results 
accentuated at least two of three possible variables, 
i.e., suspended solids, lack of complete solution of the 
rutin, and near approach to the M. L. D. for the 
co-solvent propylene glycol. Further work was 
confined to bringing the rutin into solution and 
reducing the amount of propylene glycol injected, 


Total 
Mortality 


— 


—Mortality at Days——-—_—— 
2 3 4 5-14 


~@ Dose: 0 5 cc. of rutin suspension in equal parts propylene glycol and normal salt solution per 18-25-Gm. mouse, by tai 


vein and observed for fourteen days 

6 3500-mg. doses given in 14.3%) suspension; 
average rat weight of 21.5 Gm 
14.3° 


5000-mg. doses given in 20% suspension based 
The actual dosage varied from %250 mg /Kg. of mouse to 3650 mg./Kg. of mouse for the 
suspension and from 4840 mg /Ke of mouse te 5270 mg/Kg. of mouse for the 20%, suspension. 


These doses were on an 
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Tasie IIIl.—Acute Toxicrry or Rutin SoLution* 


mate 
Dose 
Rutin, 
Sample Mg./Kg. 
Propylene glycol None 
Buckwheat rutin 
No. 1 
No.2 
No.3 
Total mortality 


rutin 


Total mortality. .......... 


* Dose: 0.1 ce. of 20% rutin solution in propylene glycol, per 
days. 


The solution of the rutin was affected as previously 
described whereupon preliminary testing of this 
solution was undertaken to orient its toxic level 
Final data upon injections given at levels of 940 and 
980 mg./Kg. of mouse are reported in Table III 
Based upon these data the buckwheat and Sophora 
rutin show no differences as to over-all acute toxicity 
and the apparent LD,» is slightly greater than 900 
mg./Kg. of mouse. This figure represents approxi- 
mately five times the toxicity evidenced by sus- 
pensions of the rutin. 

In evaluating these data which indicate a toxic 
level for rutin, consideration must be given to the 
method found necessary to administer the drug. 
Furthermore, there is little likelihood that these 
findings are significant under therapeutic applica- 
tion where administration is either by the oral route 
or employing solubilized (modified) forms of rutin 
by the parenteral route. The most significant 
finding is that the rutins from these sources show 
no difference in toxicity. 


SUMMARY 


1. Comparative ultraviolet absorption spectra 
are presented for rutins obtained from Fagopyrum 
esculentum (buckwheat) and Sophora japonica. 

2. An investigation has been made of the com- 
parative acute toxicities of the rutins obtained 
from the above two sources, the LD for each 
being about 950 mg./Kg. of mouse by the intra- 
venous route when in a propylene glycol solution 
and about 4000 mg./Kg. when in suspension. 


Mortality at Days 
2 3 4 


Total 
Mortality 
None 0/10 


0/10 
5/10 
1/10 
6/30 (20%) 


1/10 
4/10 
3/10 
8/30 (26%) 


18 25-Gm_ mouse, given by tail vein and observed for fourteen 


These toxicity data are comparative only and 
do not necessarily reflect any suspicion of toxicity 
under conditions of therapeutic use. 

3. The two rutins are identical with respect 
to both their ultraviolet absorption spectra and 
their relative toxicities. 
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Experiments with the Pressure Cooker in 
Drug Extraction" 


By SALVATORE Jj. GRECO{ and ANDREW G. DUMEZS§ 


Studies of the individual drug extractions were made, and it was concluded that 
nux vomica tincture, belladonna tincture, hyoscyamus tincture, stramonium tinc- 
ture, cascara sagrada fluidextract, and wild cherry syrup could be made successfully 


by the pressure cooker method of extraction. 


Ipecac fluidextract, ginger fluid- 


extract, and nux vomica fluidextract which would conform to the official standards 
could not be made by this method. The principal advantage of this method is the 


fact that there is a considerable saving of time. 


It was concluded that by the pres- 


sure cooker method, tinctures of official quality could be made from the alkaloidal 
drugs, especially those of the Solonaceae family. 


F'’ IDEAS pertaining to new methods of ex 

traction of vegetable drugs have been ad- 
vanced in recent years. Bay and Gisvold (1) 
and King and Gisvold (2) have performed ex- 
traction studies on digitalis, using the Waring 
blendor. Most of the work which was done on 
extraction had as its objective the improvement 
of the extraction methods which have been used 
for many years, the ultimate goal being to ob- 
tain quicker and less tedious methods of extrac- 
tion. 

It seemed logical to assume that, since time 
could be saved in the cooking of fresh vegetable 
matter by the use of the pressure cooker, time 
could also be saved in the extraction of the de- 
sired principles of dried vegetable matter (drugs), 
if the dried material were macerated with the 
proper menstruum before cooking. It was be- 
lieved that the breaking down of the plant tissues 
by cooking under pressure would make possible 
the extraction of the active principles in a shorter 
period of time than that required for extraction 
by the methods now in general use. However, 
there was some doubt as to the feasibility of the 
method, because many of the active principles 
of drugs are heat labile and might undergo 
change or decomposition in the process of cook- 
ing. Notwithstanding this possible shortcom- 
ing, the practicability of the method seemed 
worthy of investigation. 

The following official preparations were stud 
ied: nux vomica tincture, belladonna tincture, 


* Received May 5, 1950, from the College of Pharmacy 
George Washington University, Washington, D. C. 

Presented to the Scientific Section, A. Pu. A., Atlantic 
City meeting, May, 1950 

A portion of a thesis submitted as partial fulfillment of the 
requirements for the degree of Doctor of Philosophy, School 
of Pharmacy, University of Maryland 

t This work was made possible by the award of a fellow 
ship to S. J. Greco by The American Foundation for Phar 
maceutical Education 

t Present address: School of Pharmacy, George Wash- 
ington University, Wash., D.C 

Deceased; former Dean and Professor of Pharmacy 

University of Maryland. 


hyoscyamus tincture, stramonium tincture, nux 
vomica fluidextract, ginger fluidextract, ipecac 
fluidextract, cascara sagrada fluidextract, and 
wild cherry syrup. 


EXPERIMENTAL AND RESULTS 


The preparations were made by the official meth- 
ods and by the pressure cooker method and were 
compared with respect to specific gravity, pH value, 
color of the freshly prepared product, appearance 
of the preparation after storage for six months, odor, 
taste, total extractive, and active principle con- 
tent. 

With the exception of the comparisons of the ac- 
tive principle contents, all comparisons were made 
after each of the preparations was adjusted to the 
same active principle content, the average of the 
official monographs being taken as the point of ad- 
justment. In the case of nux vomica tincture No. 
5, where the value is slightly below the average 
stated in the monograph, the tincture made by the 
official method was adjusted to the same strychnine 
content as nux vomica tincture no. 5. This pro- 
cedure was not applied to the fluidextracts or wild 
cherry syrup. 

The Mirromatic' pressure cooker, 4-quart capac- 
ity, was used in these experiments. Its pressure 
range is 5, 10, and 15 pounds per square inch. 


Method of Operation of the Cooker 

The drug was weighed, placed in the pressure 
cooker, and after the addition of a calculated amount 
of menstruum, was macerated for a specified period 
of time in the closed cooker. The pressure control 
was placed over the vent tube at the number 15 
hole, indicating that 15 was the number of pounds 
of pressure desired. The cooker was then placed 
on a tripod over a Bunsen burner with a high flame. 
When the desired pressure was reached, the pressure 
control jiggled and sputtered constantly. The 
cooking time was counted from this moment. The 
flame was reduced so that the control jiggled only 
about three times per minute. After the desired 
pressure had been maintained for the prescribed 
time, the cooker was removed from the tripod and 
placed under a stream of cold water to reduce the 
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pressure. After the pressure registered zero, the 
cooker was opened and the material was filtered 
through cotton in an ordinary glass funnel. When 
the filtrate began to come through clear, it was re- 
turned to the funnel, and the filtration was con- 
tinued until an amount equal to that specified in the 
U.S. P. XII or N. F. VIII for assayed tinctures 
or fluidextracts had been coliected. If necessary, 
a sufficient quantity of menstruum was added 
through the filter to produce that specified quan- 
tity. Upon different occasions, modifications of the 
above procedure were performed. They will be 
noted throughout the discussion. 

All of the official tinctures were made by Process 
P (3), whereas the fluidextracts were made by Proc- 
ess A (4), B (5), or D (6). The products made by 
the pressure cooker method had the same ratio of 
crude drug to the finished volume as their official 


counterparts. 


Physical Constants and Properties of the Prepara- 

tions 

Physical Properties.—The physical properties 
studied included odor, taste, color of the freshly 
prepared product, and appearance after storage for 
six months. These values appear in Table I. 

Specific Gravity.—This constant was determined 
with a Mohr-Westphal balance at 25°, and the 
values are reported in Table II. 

pH Values.—These were determined with a Beck- 
man pH meter and are reported in Table II. 


Determination of Total Extractive 

The total extractive of the preparations was deter- 
mined in the following manner: 

Measure accurately 50 cc. of the preparation into 
a tared beaker by means of a pipette, the beaker 
having been previously heated to constant weight in 
an oven at 110°. Evaporate the sample to dryness 
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Taste Il.—-Spectric GRavitigs AND pH VALUES 
OF THE PREPARATIONS 


Specific Sravity— 
at 25° -—— pH Value—— 
Official Cooker Official Cooker 
Preparations Method Method Method Method 
Nux vomica tinc- 0.887 0.900° 1.70 65.15* 
ture 
Belladonna tine 6.884 0.895 6.27 6.232 
ture 
Hyoscyamustinc- 0.888 0.899 6.05 6.12 
ture 
Stramonium tinc- 0.885 0.925 6.17 6.17 
ture 
Ginger fluidex- 0.855 0.861 6.50 6.67 
tract 
Ipecac fluidex- 1.012 0.972 0.63 0.77 
tract 
Cascara sagrada 1.078 1.083 5.00 4.95 
fluidextract 
Wild cherry syrup 1.286 1.282 4.65 4.65 


* Nux vomica tincture No. 5 was used in the above com- 
parisons, 


on a steam bath and dry to constant weight at 
110°. These values are shown in Table ITT. 


Assays 
All of the preparations were assayed by the official 
methods. These values are shown in Table III. 


Extraction of the Specific Drugs 
Nux Vomica.—Five nux vomica tinctures were 


Nux vomica tincture No. 1 was prepared by the 
official method. 

Nux vomica tincture No. 2 was prepared from the 
following formula: 

Nux vomica, in moderately coarse powder.... . 40 Gm, 


Hydrochloric acid...... . 8 
cohol ..... . cc. 


TABLE I.—Puysicat Propertigs: CoLor, Opor, TASTE, AND CHANGES ON STORAGE OF THE PREPARATIONS 


-——Changes on Storage—— 


———Color ——— ———Taste—— ~ 

Official Cooker Official Cooker Official Cooker Official Cooker 

Preparations Method Method Method Method Method Method Method Method 
Nux vomica Orange Vellow* Winelike Winelike Very Very From otange From yellow 
tincture bitter bitter to reddish to amber 

orange 

Belladonna Dark Dark Tobacco- Tobaceo- Alcoholic Alcoholic No apparent No apparent 

like like _ change change 


tincture 


H yoscyamus Dark Dark Tobacco- Tobacco- Slightly Slightly 
tincture greenish greenish like like 


No apparent No apparent 
pungent pungent change change 


Stramonium Medium Slightly Slightly Pungent Slightly Slight No apparent 
tincture greenish brown tobacco- tobacco. pungent precipitate change 
brown like like 
Ginger Deep Deep Spicy Spicy Strongly Strongly No apparent No apparent 
fluidextract pungent pungent change change 


Ipecac 
fluidextract 


Deep Winelike Winelike Burning- Burning No apparent No apparent 


sour sour change change 


Cascata sagrada Slightly Alcoholic Very Very Slight Slight 
fluidextract brown brown alcoholic and bitter bitter precipitate precipitate 
pungent 
Wild cherry Medium Light Cherry-like Cherry- Sweet Sweet No apparent No apparent 
sytup red red like change change 


* Nux vomica tincture No. 5 was used in the above comparisons. 


prepared 
7 
| 
brown row 
a reddish reddish 
brown brown 
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Tassie III.—Torat Extractive AND ALKALOIDAL CONTENT OF THE PREPARATIONS 


Total 
Extractive, 
Percolation 

Method, 
Gm./100 Ce. 


1.3776 


Preparations 
Nux vomica tincture No. 1 
Nux vomica tincture No. 2 
Nux vomica tincture No. ¢ 
Nux vomica tincture No 


Nux vomiea tincture No. 5 


Nux vomica fluidextract 


Belladonna tincture 


Hyoscyamus tincture 1.7896 


Stramonium tincture 1. 5686 
Ginger fluidextract 6.6975 
ether-soluble 
Ipecac fluidextract 15.2982 
fluidextract 24.0886 


Caseara sagrada 


Total 
Extractive, 
k 


Method, 
Gm./100 Ce, 


Strychnine, 
0.1133 
Strychnine, 
0.1167 
Strychnine, 
0.0855 
Strychnine, 
0.1110 
0.1101 
Strychnine, 

0.3912 
0.3922 
0.0503 
0.0499 
0.00519 
0.00526 
0.0361 
0.03858 


1.3050 


Strychnine, 
1.264 


1.241 
0.0503 
0.0499 
0.00495 
0.00488 


0.0427 
0.0425 


0.9992 
1.4850 
1.5282 
8290 
ether-soluble 


10.3712 
23 . 5982 


1.9920 1.2500 


The nux vomica was allowed to macerate for twenty- 
four hours and was then cooked for five minutes at 
15 lb. pressure. The cooker was cooled, and the 
tincture was filtered through cotton. Enough of a 
mixture of 3 volumes of alcohol and 1 volume of 
water was passed through the filter to make the 
final product measure 380 cc. The tincture was 
defatted by cooling for thirty minutes at 5° with 
subsequent filtration. The tincture thus prepared 
could not be clarified either before or after defatting. 
The official assay showed 0.1133 Gm. of strychnine 
per 100 cc 

The same formula was used for making nux vomica 
tincture No. 3. In this case, the nux vomica was 
macerated for only fifteen minutes and then cooked 
for ten minutes at 15 Ib. pressure. This tincture 
also could not be clarified. The assay showed 
0.1167 Gm. of strychnine per 100 cc. 

Based on the results obtained from the assays of 
the two preceding tinctures, the twenty-four-hour 
maceration period showed no advantage over the 
fifteen-minute maceration period. Consequently, 
the twenty-four-hour maceration period was used 
sparingly throughout the remainder of the experi- 
ments. 

Nux vomica tincture No 
following formula: 


4 was made from the 


Nux vomica, in moderately coarse 
powder. 40 Gm. 
Acetic acid 5 ec. 
Alcohol 325 cc. 
Water 105 ce. 
A maceration period of fifteen minutes was allowed, 


after which the mixture was cooked for five minutes 
at 15 Ib. pressure. After defatting, the tincture 


obtained was perfectly clear. The assay showed 
only 0.0855 Gi. of strychnine per 100 cc. 

Since, in the foregoing experiment, a low yield of 
strychnine was obtained, another experiment was 
run to determine if an increase in the length of the 
cooking period would yield a greater amount of 
strychnine. 

Nux vomica tincture No. 5 was made in the same 
manner as the above tincture, with the exception 
that in this case the mixture was cooked for ten 
minutes at 15 lb. pressure. The tincture obtained 
in this case was also clear. The assay showed 
0.1110 Gm. of strychnine per 100 cc. Two hours 
were required to make this preparation, exclusive 
of the defatting period. 

In view of these results, it was decided to make all 
of the remaining tinctures by the use of a fifteen- 
minute maceration period, followed by cooking for 
ten minutes at 15 Ib. pressure. 

Two nux vomica fluidextracts were prepared, one 
by the official method and the other by the pressure 
cooker method. The following formula was used 
in the pressure cooker method: 


Nux vomica, in moderately coarse 

400 Gm. 
40 ce. 
185 ce. 
675 ce. 


Acetic acid 
Water... 
Alcohol. 


The mixture was allowed to macerate for twenty- 
four hours and was then cooked for five minutes 
at 15 lb. pressure. The assay showed only 0.3912 
Gm. of strychnine per 100 cc. This may readily 
be understood, inasmuch as the official procedure 
directs that the nux vomica be exhausted, whereas 
in the above formula, only the first 340 cc. of fluid- 
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et ethod, 

Gm/i00 ce. Gm /i00 Ce. 

0.1252 
0.1241 
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4 

a4 
: 


Screntiric Epit1on 


extract was collected, and a portion of that was 
assayed. In view of the low results, no further ex- 
periments were conducted along this line. 


Belladonna Leaf,H yoscyamus, and Stramonium. — 
Tinctures of these drugs were made according to the 
following formula: 


The mixture was allowed to macerate for fifteen 
minutes and was then cooked for ten minutes at 
i5 lb. pressure. The mixture was filtered through 
cotton, and a sufficient amount of a mixture of 3 
volumes of alcohol and 1 volume of water was 
passed through the filter to make the filtrate meas- 
ure 380 cc. Three hours were required to make 
each of these preparations. 

The results of the assays showed that the tinc- 
tures were comparable to those made by the official 
method. However, this did not necessarily prove 
that hydrolysis did not occur. Atropine and hyo- 
scyamine are the principal alkaloids of belladonna 
tincture. If these alkaloids were hydrolyzed, 
tropanol would be formed. If tropanol were pres- 
ent, the same amount of 0.02 N acid would be re 
quired to react with 1 mole of it as with 1 mole of 
the alkaloids of belladonna leaf. Consequently, if 
hydrolysis did occur, it could not be detected by the 
titration. Therefore, the alkaloids of belladonna 
tincture, made by the pressure cooker method, were 
isolated and the picrate was made. The official 
belladonna tincture was treated in a similar manner. 
The melting point of the picrate made from the 
pressure cooker tincture was 168-170°. The melt- 
ing point of the picrate made from the official tinc- 
ture was 164-166°. The reported melting point of 
atropine picrate is 175-176° (7), and that of hyo- 
scyamine picrate is 165° (8). However, tropanol 
picrate melts with decomposition at 275° (9). 
Therefore, it was concluded that no hydrolysis of 
the alkaloids of belladonna tincture occurred during 
the preparation of the tincture by the pressure 
cooker method. Since the alkaloids of hyoscyamus 
and stramonium are similar in chemical structure, 
the same may be said of the tinctures of these drugs 
made by the pressure cooker method. 


Ginger.—The formula used in the preparation of 
ginger fluidextract is as follows: 


200 Gm. 
540 cc. 
60 ce. 


Ginger, in fine powder 
Alcohol 
Water 


The mixture was allowed to macerate for fifteen 
minutes and was then cooked for ten minutes at 15 
lb. pressure. The mixture was filtered through 
cotton, and enough of a mixture of 9 volumes of 
alcohol and 1 volume of water was passed through 
the filter to make the filtrate measure 170 cc. 


Ipecac.—The formula used in the preparation of 
ipecac fluidextract is as follows: 
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The mixture was allowed to stand overnight and was 
then cooked for ten minutes at 15 lb. pressure. 
After filtration, the filtrate was evaporated to 100 
cc., and 200 cc. of water was added to it. The mix- 
ture was allowed to stand overnight and filtered. 
The filtrate was then evaporated to 56.5 cc., and 
3.5 ce. of hydrochloric acid and 30 cc. of alcohol 
were added to the evaporated filtrate. 


Cascara Sagrada.—The formula used in the prep- 
aration of cascara sagrada fluidextract is as follows: 


Cascara sagrada, in very coarse 

100 Gm. 
Boiling water, a sufl 
Alcohol 


The cascara sagrada was placed in the pressure 
cooker, and 400 cc. of boiling water was poured over 
the drug. The mixture was allowed to macerate 
for fifteen minutes and was cooked for ten minutes at 
15 lb. pressure. The material was filtered through 
cotton, and boiling water was passed through the 
drug until it was exhausted. The filtrate was 
evaporated to 80 cc. on a water bath and allowed to 
stand in a stoppered container for several days. The 
clear liquid was decanted and the remainder was 
filtered into the decanted liquid. The residue on 
the filter was washed with a sufficient quantity of a 
mixture of alcohol and water to make the fluidex- 
tract measure 100 cc. and contain the required pro- 
portion of alcohol. Two hours were saved in the 
manufacture of this preparation, when compared 
to the time required to make the official fluidex- 
tract. 

It should be noted that the drug in this case was 
completely exhausted. This was not true in the 
case of the methods used for nux vomica, ginger, and 
ipecac fluidextracts. 


Wild Cherry.—Wild cherry syrup was made ac- 
cording to the following formula: 


Wild cherry, in coarse powder 

Glycerin... . 

Sucrose. 

Alcohol..... 

Water, a sufficient quantity, 
To make 


30 Gm. 
30 ce. 
135 Gm. 


200 ce. 


The wild cherry was placed in the cooker, and 130 
cc. of water was poured over the drug. The mix- 
ture was allowed to macerate for fifteen minutes 
and then was cooked for five minutes at 15 Ib. pres- 
sure. After filtration, sufficient water was passed 
through the filter to make the total volume of the 
filtrate measure 80 cc. The filtrate was filtered until 
clear and added to the sucrose, which was dissolved 
by agitation. Then the glycerin, alcohol, and suffi- 
cient water were added to make the final product 
measure 200 cc. Only one hour was saved in the 
manufacture of this preparation. 

Because of the fact that there are no official assays 
for cascara sagrada fluidextract and wild cherry 
syrup, comparisons could only be made with respect 
to physical properties, pH value, and _ specific 
gravity. Total extractive was also determined for 
cascara sagrada fluidextract. 


|| 
Crude drug, in fine powder......... 40 Gm. 
4 
4 
Ipecac, in fine powder............. 100 Gm. 
i 
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DISCUSSION 


It may be said, in general, that there is very little 
difference in the physical properties of the prepara- 
tions made by the pressure cooker method as com- 
pared with those made by the official method. The 
one exception is in the case of the two nux vomica 
tinctures, in which there is a difference in color. 
This is thought to be due to the fact that there is 
less total extractive in the tincture prepared by 
the pressure cooker method. 

The pH values and specific gravities of the prep- 
arations made from the same drug checked very 
closely. Again the exception is in the nux vomica 
tinctures, in which case the pH values are consider- 
ably different. This difference is readily under- 
standable when it is recalled that hydrochloric acid 
was used in the preparation of the tincture by the 
official method, whereas acetic acid was used in the 
preparation of the pressure cooker tincture. 

The total extractive was found to be less in the 
pressure cooker preparations than that found in the 
preparations made by the official methods. This 
may be explained on the basis of the slow rate of 


SUMMARY AND 


1. Several official galenicals involving the 
process of percolation were prepared by the use 
of the pressure cooker and were compared with 
similar products made by the official methods. 

2. The pressure cooker method was found to 
be efficient for the preparation of tinctures made 
by extraction procedures. 

3. A satisfactory modification of the official 
formula for making nux vomica tincture by the 
pressure cooker method was devised. 

4. With respect to physical properties, it 
appears that the cascara sagrada fluidextract and 
wild prepared by the cooker 
method, were equally as good as those made by 


cherry syrup, 


the official methods. 
5. In general, fluidextracts of official quality 


solubility of some of the constituents of the extrac- 
tive or on the assumption that some of the constit- 
uents, such as albumin and proteins, which are 
present in plants and which are ordinarily found in 
the extractive, are coagulated and rendered insol- 
uble by the application of heat which is required in 
the pressure cooker method. The fact that there is 
less total extractive obtained by the cooker method 
is one of the important advantages of using this 
method, since it can be said, as a general rule, that 
the less the extractive content of a preparation, the 
more stable it is likely to be. 

In those cases where the cooker, without subse- 
quent complete exhaustion of the drug, gave unsatis- 
factory results, for example in the preparation of 
fluidextracts, it is believed to be due to the com- 
paratively small amount of menstruum per weight 
of drug as compared to the amount of menstruum 
per weight of drug in the preparation of tinctures. 
Therefore, the quantity of menstruum used was not 
sufficient to exhaust the drug of its active 
principles. 


CONCLUSIONS 


could not be prepared by the cooker method; 
however, the method as used in the preparation 
of cascara sagrada fluidextract gave a satisfac- 
tory product. Further work is necessary to 
determine if other fluidextracts can be efficiently 
and satisfactorily made by this same method. 

6. In the cases where the cooker method is 
satisfactory, it has many advantages over the 
official extraction methods. There is, in most 
instances, a considerable saving of time. Pack- 
ing of the percolator and regulation of the flow of 
percolate are eliminated. All of the preparations 
made by this method contain less total extractive 
than their official counterparts, and the less total 
extractive, the more stable the finished product 
is likely to be. 
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Study of Odors* 


By N. N. TANYOLAC and J. R. EATON 


Odors have been difficult to measure and classify with accuracy principally because 
no objective measuring method has been developed. The mechanism of olfaction 
is but little dow mrmwemm | several theories have been presented but none has been 
enerally accepted. This paper describes experiments in which an ——- has 
nm made to detect contamination of the air at concentration recognized by the 
nose as strong odors. Studies have been made on the change of surface tension of 
a liquid drop due to air contamination resulting from nearby solid odorous material. 
The experiments described herein indicate that the surface tension of distilled 
water, mineral oil, and water-stabilized mercury may undergo considerable change 
when the air in contact with the drop is contaminated. The change of surface ten- 
sion of a particular liquid follows a pattern characteristic of the contaminant. The 
same contaminant produces different surface tension changes in the three different 
liquids studied. The results of these tests suggest that an instrument might be de- 
veloped which would be capable of classifying and measuring air contamination at 
low concentrations. 


Mes experiences the outside world through diseases (2, 3). The use of the sense of smell in 


his senses, which are usually classified as 
sight, hearing, touch, taste, and smell. In addi- 
tion to these, there are the more obscure senses 
less commonly recognized. All communica- 
tions between an individual and his surroundings 
are by means of one or more of these senses. 
The relative importance of these several senses 
varies greatly between different animals, each 
developing through training and evolution those 
senses which serve him best. 

It is of interest to observe that a large segment 
of scientific development stems from the fact that 
man has been able to develop instruments which 
extend the range and acuity of his several senses. 
This fact is obvious when we consider the im- 
portance of the microscope, the telescope, the 
spectroscope, and other instruments with which 
we are able to study light energy in a range far 
beyond that of the unaided eye. The science 
of acoustics was developed to a considerable ex- 
tent from our ability to study sound waves by 
means of instruments. The development of 
distance and weight measuring instruments is, 
in fact, an extension of our sense of touch through 
instruments. The senses of taste and smell have 
been slow to develop, with the result that man 
possesses no significant aids in these areas. 

The importance of the sense of smell, even 
with our relatively ineffective nose, is apparent in 
our selection of suitable foods and, in a more 
esthetic sense, in our selection and development 
of perfumes. The chemist uses the sense of smell 
to a limited extent in his identification of chem 
icals (1), while a physician uses the sense of smell 
to about the same degree in the identification of 


* Received February 6, 1950, from the School of Electrical 
Engineering, Purdue University, Lafayette, Ind. 
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the fields mentioned above has not been de- 
veloped to the point where the scientist relies 
heavily upon his nose for decisions of significance 
in his work. 

Although civilized man uses the sense of smell 
in a secondary manner, it is well known that 
certain primitive tribesmen are able to use this 
sense much more effectively. In the case of the 
lower animals, the sense of smell is frequently of 
more importance than those senses on which man 
relies most highly. Dogs use the sense of smell 
in following trails, while other animals use this 
sense in searching out food and in avoiding dan- 
zer. 

It is interesting to contemplate the signifi- 
cance of a device which would combine the 
acuity of the nose of a lower animal with the 
reasoning power of the human mind. It is pos- 
sible that such a development might put the 
sense of smell on a level with the sense of sight. 
Such a development would, without doubt, be 
of considerable importance in such fields as chemi- 
cal analysis, medicine, identification of individ. 
uals, and perhaps in other fields not at present 
anticipated 


THEORETICAL CONSIDERATIONS 


Numerous theories of the mechanism of the sense 
of smell have been proposed by various investigators 
It is of interest that the investigational work in this 
area, while started centuries ago, has not attracted 
the attention of the modern scientist to any great 
extent until the past year or so. Many of the more 
serious investigators who worked in this area a 
number of years ago were without the aid of mod- 
ern scientific apparatus (4, 5). In recent years 
studies in this field have increased, though for 
sometime they were carried on principally by indi- 
viduals interested in odors from the standpoint of 
perfume manufacturing, coffee blending, and simi- 
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lar pursuits (6). More recently substantial con- 
tributions have been made in this area of investiga- 
tion by individuals working on the subject from the 
purely scientific approach (5, 7). The theories of 
the mechanism of olfaction may be summarized 
briefly as follows: 


1. Vibration.--Inasmuch as the sense of sight is 
dependent on electromagnetic vibration, and the 
sense of hearing is dependent on material vibration, 
it has been reasoned that perhaps odors are trans- 
mitted by a vibration of some sort. Although this 
analogy is quite logical, there has been no substan- 
tial scientific proof of the existence of vibrations 
which carry odors. Some investigators have pro- 
posed that the odor of materials is due to the vibra- 
tion of the electrons within the molecules of the 
odorous materials which are drawn into the nose 

2. Chemical Structure and Vibration.—Accord- 
ing to this theory, the type of odor depends on the 
presence of odoriphores (special chemical groups 
responsible for the odor), and the sense of smell is 
considered to be due to molecular vibration. Stud- 
ies have failed to establish or to disprove this theory 
(5). 

3. Chemical Reaction.—-It is proposed by some 
that the mechanism of olfaction is due to the chem- 
ical reaction occurring between the molecules of ma- 
terial drawn into the nose and the complicated mech- 
anism of the olfactory region of the nose. Accord- 
ing to this theory the sensation is possible only 
when the molecules of the odorous material are 
soluble in the lipoid fluid of the olfactory region. 
Experimental studies have failed to establish or to 
completely disprove this theory (5 

4. Physical.—It has been proposed that the 
physical action of the molecules of odorous material 
in contact with the linings of the olfactory region of 
the nose produced, in some manner, nerve stimula- 
tion. Those who propose this theory feel that the 
variety in odor is due to differences in dipole mo- 
ment of molecules (5) 

5. Infrared Theory.—More recently it has been 
proposed that olfaction is associated with the infra- 
red absorption of odorant molecules present in the 
nose in close proximity to the olfactory surfaces. 
his theory is perhaps attracting most attention 
at the present time (8, 9) 

With the exception of the vibration theory, all 
other explanations of the mechanism of olfaction 
require that particles of odorous materials enter the 
nose and come in contact with, or come in close 
proximity to, the olfactory area. The exact meth- 
ods by which these molecules produce nerve stimu- 
lation is at the present time obscure and may not 
be explained in the near future. Of importance in 
any of the methods proposed is the small amount 
of odorous material which will excite the sense of 
smell, It has been demonstrated that many sub- 
stances are detected by the human nose in con- 
centrations less than 1 X 10" molecules per liter of 
air. When it is remembered that air drawn into the 
nose ordinarily by-passes the olfactory region and 
enters it only through eddies in the air stream, and 
when it is remembered that not all of the molecules 
entering the olfactory cleft can be effective in pro- 
ducing olfaction, it is apparent that the amount of 
odorous material necessary to stimulate the sense 
of smell ts very small 
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ODOR-SENSITIVE DEVICES 


As far as is indicated by the present published 
literature (5, 7), no device has been developed for 
studying odors directly except instruments which 
depend on the human nose as the primary indi- 
cator. This means then that all investigations of 
this sort are limited by the many physical and psy- 
chological vagaries of the human being and by the 
inherent insensitiveness of the human nose as com- 
pared to that of the lower animal. It is perhaps of 
importance to note that a few devices have been 
developed which detect specific contaminations in 
the air (such as the halogens) and that these devices 
apparently respond to the groups of materials even 
though the odors of the materials in the group may 
be quite different (10, 11) 

In attempting to set up experiments by which 
odors might be detected, it is of importance to try 
to define odor Immediately this raises several 
very important problems, for it appears that many 
materials which are inodorous to the human nose 
are easily detected by the nose of the lower animals. 
It is, of course, quite impossible to state whether this 
difference lies in sensitivity of detection or range of 
detection. It should perhaps be borne in mind that 
just as the human eye is blind to light of certain 
frequencies, which in some cases other animals can 
detect, and the human ear is deaf to certain fre- 
quencies, so the human nose may be entirely insensi- 
tive to certain materials which other animals might 
find odorous. In view of the uncertainties in regard 
to the limitations of the human olfactory system, 
it might be to an advantage from the scientific point 
of view to re-define odors in a fashion far more gen- 
eral than now considered. Perhaps the detection of 
odors should be defined as the detection of air con- 
taminations of small magnitude regardless of the 
nature of the contaminant. Such a definition 
would appear to be in line with our present concept 
of olfaction if we assume that the nose is sensitive 
only to certain specific contaminations. This defi- 
nition would perhaps make all substances odorous, 
for all materials, both solids and liquids, give off 
molecules of their substance continually. By this 
definition, an odor-sensitive device would be one 
which will detect and identify the presence of sub- 
microscopic contamination in air regardless of the 
contaminating material concerned. By the above 
definition it is apparent that water vapor and other 
materials present in the air but not detected by the 
human nose would be classed as odorous. 

Methods of Detecting Small Concentration of 
Contaminants.—In searching for a method of de 
tecting odors in accordance with the above definition 
of odors, it is logical to examine those scientific phe 
nomena in which microscopic causes are known to 
produce gross results. Several such phenomena are 
as follows: 


1. It is well known that the breakdown of an 
air gap in the presence of voltage stress is dependent 
upon the production of a limited number of free 
electrons from outside sources. Without the inci- 
dence of electrons in the gap region as a result of 
cosmic rays, radioactive material, and other sources, 
the breakdown of gaps would be a phenomenon 
quite different from that which is ordinarily ob- 
served. This difference is evident in the random 
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time lag of short gaps subjected to steep wave-front 
impulses. 

2. The emission of electrons from heated surfaces 
is dependent, to a great extent, on the work func- 
tion of the surface material. It is well known that 
minute contamination of the surface of heated elec- 
trodes may significantly increase or decrease elec- 
tron emission. A similar phenomenon relating to 
positive ion emission is being used at the present 
time in a device to detect halogen vapor in air. 

3. Many chemical reactions are dependent on the 
presence in the reactor of certain well-known cata- 
lysts. Although the catalysts are in many cases 
present in considerable amount. little or no catalyst 
is expended in the reaction. 

4. The effect on the surface tension of liquids by 
minute contamination is of particular interest. 
Studies of surface tension of liquid-to-air surfaces 
are always plagued by the difficulties which arise 
from unwanted contamination. The literature on 
the subject of surface tension has many references 
to precautions which must be taken in order that 
the surface will not be contaminated by the breath 
of the operator or from other sources. The amount 
of material necessary to produce measurable changes 
in surface tension is, of course, very small (12-15) 


EXPERIMENTAL 


Experiments on Surface Tension.—-Knowing that 
small amounts of material may produce measurable 
changes in surface tension, a series of studies were 
undertaken to see if odorous materials in reason- 
able concentrations in the air would also produce 
measurable changes in surface tension. 

In order that a determination could be made of 
the surface tension of a liquid over an extended 
period of time without disturbing the liquid, the 
so-called Pendant Drop Method of surface tension 
was employed (16, 17) 

The Pendant Drop Method consists of suspending 
a small drop of the liquid under test from the end of 
a vertical tube. The drop is then photographed 
by means of a camera and the maximum and the 
selected diameter of the drop is determined by meas- 
urements from the photograph (Fig. 5). The sur- 
face tension may be calculated from measured di- 
mensions by the relation 


1 
= 
y = ge(de) H (1) 
where 
y = surface tension in dynes/cm. 
rd = acceleration of gravity 
e = difference in density between two fluids 
de = diameter of the drop at equator in cm 
ds = diameter of the drop in cm. at a plane 


whose distance from the end of the drop 
is equal to the equatorial diameter 

1/H = a function of the ratio S = ds/de as 
given in Table I 


In Eq. (1) the value of 1/H in terms of S = 
ds/de has been found experimentally by Andreas, 
Hauser, and Tucker using different sizes of drops 
of known surface tension value at an age of ten 
seconds. All the calculations in this study of odor 
were made by using Eq. (1) and Table 1. 
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of Calculation.—Surface tension of water 
to air at 25° and at ¢ = six minutes. 


= deater — rir 
= 0.99707 — 0.001 = 0.99607 Gm./cm.* 
de = 0.453 cm. from 11.48/25.4 where 25.4 
units is the magnification and 11.48 units 
is the measured value of d 
ds = 10.88 units in cross-section scale 
S = 10.88/11.48 = 0.948 from Table I. 1/H 
is 0.357 
ge(d?/H) = (980) (0.99607) (0.453)? 
(0.357) = 71.6 dynes/cm. 


Measurements of this type were made with the 
air as pure as was conveniently possible and then 
repeated in the presence of solid odorous materials 
in the immediate vicinity of the liquid surface. No 
material was added directly to the liquid. The 
equipment used for this experiment is shown dia- 
grammatically in Fig. 1. A drop of liquid was 


Fig. 1.—Instrument for measuring change of sur- 
face tension. 
1, light source; 2, chamber containing suspended 
drop and solid odorous material; 3, camera; 4, 
calibrating grid in front of film. 


formed in the chamber at 2. The drop, illuminated 
by a light source 1, was photographed by means of 
the camera 3. Subsequent measurement of the 
photographic records made possible the determi- 
nation of the surface tension of the liquid drop with- 
out disturbing the drop surface. By this method it 
was possible to take repeated measurements of the 
surface tension of the liquid as frequently as de- 
sired. A photograph of the equipment used is shown 
in Fig. 2. As may be noted from Fig. 1, the liquid 
drop was enclosed in a chamber which protected it 
from air drafts in the room and into which was intro- 
duced any odorous substance to be studied. As 
might be expected, it was necessary to clean the 
box after each experiment. In order to facilitate 
cleaning, the box was constructed for convenient 
disassembly as is shown in Fig. 3. The formation 
of the drop was controlled by various droppers. One 
was fed by gravity and was controlled by a stop- 
cock as shown in Fig. 4, 7. Another dropper, in 
which the drop formation is controlled by a threaded 
plunger, is shown in Fig. 4, 2. A photographic record 
of a distilled water drop is shown in Fig. 5. 

Before attempting to study the effects of odors, 
tests were made to determine the stability of the 
surface tension of a drop of distilled water in an un- 
contaminated atmosphere. Figure 6 shows a plot 
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FUNCTION FOR PENDANT Drops: S vs. 1/// 


of the measured surface tension extending over a 
period of several hours. It may be noted that the 
measured surface tension varied no more than 
+0.5 dyne/cem., which is within the range of the 
accuracy of this method. Other tests on distilled 
water in uncontaminated air yielded similar results. 
Opening and closing the box (as would be necessary 
to introduce odorous material in the chamber) re- 
sulted in no significant break in the surface tension 
curve. 

After it was established that the surface tension of 
distilled water is relatively stable, solid materials 
known to have strong odors were introduced into 


Photograph of instrument for measuring 
change of surface tension. 


0.306 


the box and the surface tension measurements 
continued. Figure 7 shows the change of surface 
tension resulting in one case after the introduction 
of cloves into the box and in another case after the 
introduction of gum camphor into the box. Curves 
a and } represent two independent runs with cloves 
as the contaminant, while curves c and d represent 
similar runs with camphor as the contaminant. 
Figure 8 shows the results of similar runs when three 
other materials—rubber, iodoform, and moth- 
balls—were used. It is of interest to note that the 
several materials produced different effects on the 
surface tension of the distilled water. Not only 


Fig. 3.—Odor chamber disassembled, ready for 


cleaning. 


S= 
s 0 0 001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 
| 0.70 0.797 0.795 0.792 0.790 0.787 0.785 0.782 0.780 0.777 0.775 
Ae 0.71 0.772 0.770 0.767 0.765 0.762 0.759 0.757 0.754 0.752 0.749 
Ww, 0.72 0.747 0.744 0.742 0.739 0.737 0.735 0.732 0.730 0.727 0.725 
0.73 0.722 O.720 O.718 O.715 0.713 0.711 0.709 0.706 0.704 0.702 
hay 0.74 0.699 0.697 0.695 0.692 0.690 0.688 0.685 0.683 0.681 0.679 
Ss 0.75 0.676 0.674 0.672 0.670 0.668 0.665 0.663 0.661 0.659 0.657 
0.76 0.655 0.652 0.650 0648 0.646 0.644 0.642 0.640 0.637 0.635 
0.77 0.633 0.631 0.629 0.627 0.625 0.625 0.621 0.619 0.617 0.615 
0.78 0.613 O611 0.609 0607 0.605 0.603 0.601 0.599 0.597 0.595 
a 0.79 0.598 0.591 0.589 0.587 0.585 0.583 0.581 0.579 0.577 0.575 
; 0.80 0.573 0.571 0.570 0.568 0.566 0.564 0.562 0.561 0.559 0.557 
0.81 0.555 0.553 0.551 0.550 0.548 0.546 0.544 0.542 0.540 0.539 
oath 0.82 0.537 0.535 0.583 0.532 0.530 0.528 0.526 0.524 0.523 0.521 
0.83 O.519 0.518 0.516 0.515 0.513 0.511 0.509 0.507 0.506 0.504 
d 0.84 0502 O.501 0.499 0.498 0.496 0.494 0.493 0.491 0.490 0.488 
‘ 0.85 0.486 0.485 0.483 0.482 0.480 0.479 0.477 0.476 0.474 0.473 
* 0.86 0.471 0.470 0.468 0.467 0.465 0.464 0.462 0.461 0.459 0.458 
Tl 0.87 0.457 0.455 0.454 0.452 0.451 0.450 0.448 0.447 0.446 0.444 
O88 0.443 0.441 0.440 0.439 0.437 0.436 0.434 0.433 0.431 0.430 
0.89 0.429 0.428 0.426 0.425 0.423 0.422 0.420 0.419 0.418 0.417 
090 0.415 0.411 0.410 0.409 0.408 0.406 0.405 0.404 
aa 0.91 0.403 0.401 0.400 0.399 0.398 0.396 0.395 0.394 0.393 0.391 
0.92 0.390 0.389 0.388 0.386 0.385 0.384 0.383 0.382 0.381 0.379 
; 0.93 0.378 0.377 0.376 0.375 0.373 0.372 0.371 0.370 0.369 0.369 
i 0.94 0.366 0.365 0.364 0.363 0.362 0.361 0.359 0.358 0.357 0.356 
ake 0.95 0.355 0354 0.353 0.352 O.351 0.350 0.349 0.348 0.346 0.345 
i 0.96 0.344 0.343 0.342 0.341 0.340 0.339 0.338 0.337 0.335 0.334 
0.97 0.333 0.332 0.331 0.330 0.328 0.327 0.326 0.325 0.324 
Bi 0.98 0.323 0.322 0.321 0.320 0.319 0.318 0.317 a 0.315 0.314 
0.99 0.313 0.312 0.311 0.310 0.309 0.308 0.307 0.305 0.304 
1.00 0.303 
Accuracy: +0.2% 
. 
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“eiagica: Wal does the surface tension change appreciably when 
the odorous material is introduced into the box, but 

certain periodic, though random, fluctuations in sur- 

face tension are observable. It is rather reasonable 

to expect that there might be a uniform change in 

surface tension due to these contaminants, but it is 

rather difficult to explain these random fluctuations, 

These fluctuations, in fact, were very sudden and 

apparently represented quite violent changes in the 


Fig. 5 (Below).—Typical drop image with significant 
dimensions indicated. 
15.01 Units 
14.43 Units 
0.956 
0.415 Cm 
= 60.10 dynes/cm. 


/ 
2 
| 
| | 
Fig. 4.—Droppers used in odor chamber. 
| 
| 
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surface condition of the drop. In many cases visual 
observation disclosed sudden mechanical move- 
ments of the drop definitely not associated with vi 
brations of the equipment. 

As would be expected, the exposed area of the 
sample of odorous material produced a considerable 
effect on the change of surface tension. This may 


TENSION 


SuRF ACE 


980 320 S60 4 
TIME - MINUTE 
Variation of surface tension of distilled 
No contamination in odor chamber 


Fig. 6. 
water. 


CHANGE 


Time vin 
Effect of contaminant on surface tension 
change. 

Test liquid: distilled water. Contaminant in 
box: curves a and 4, cloves (1.7 Gm.); curves « 
and d, gum camphor (0.4 Gm.). Contaminant 
placed in box as indicated 


Fig. 7. 


Tmt MIN 

Effect of contaminant on surface tension 
change. 

Test liquid: distilled water. Contaminant in 
box: curve @, iodoform; curve 6, moth balls; curve 
c, rubber; curve d, cloves; curve ¢, gum camphor 
Contaminant taken oul of box as indicated 


Fig. 8 
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be noted from Fig 9, in which, with a given box 
size, three different areas of camphor were em- 
ployed. As would be expected, the larger the ex- 
posed surface area, the greater was the decrease in 
surface tension 

The effect of the box size is indicated in Fig. 10. 
Curves a and 6 represent tests made with cloves in 
which the box volume was changed. Similar tests 
with camphor are represented in curves c¢ and d. 
Again, as would be expected, the larger the box, the 
smaller was the decrease in surface tension 

Other tests which were conducted indicated that 
the position of the odorous material in the box had 
considerable effect on the change of surface tension 
of the liquid surface. This is possibly due to small 
convection currents which were, without a doubt, 
present within the box 

In order to study the effect of contaminants on the 
surface tension of other liquids, the distilled water 
of the previous experiments was replaced by min- 
eral oil. The curves of Fig. 11 represent almost no 
change of surface tension in mineral oil while there 
wus present in the box a small container of water. 


50 
TIME — MINUTES 


Fig. 9.—Effect of area of contaminant on surface 
tension change. 

distilled water. Contaminant in 

Exposed area of contaminant 
curve 6, 2.4 sq. cm.; curve 


Test liquid: 
box: gum camphor. 
curve a, 1.3 sq. cm.; 
¢, 6.0 sq. cm. 


4 § . 
Time MINUTES 


Effect of box size on surface tension 
change. 

Test liquid: distilled water. Curve a: contam 
inant, cloves; box size 2 x 3 x 3 inches. Curve 
b: contaminant, cloves; box size 1 x 1.5 x 3 inches 
Curve c: contaminant, camphor; box size 5 x 
3 x 3 inches. Curve d: contaminant, camphor; 
box size | x 3.x 5 inches. 


Fig. 10 
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TENSION — DYNES/CM 


SURFACE 


4 6 20 24 2 
Time MINUTES 
Fig. 11.—Variation of surface tension of mineral 
oil, Container of distilled water present in odor 
chamber. No other contamination. Curves a 
and b, two separate runs. 


This water was added to the box because the odor- 
detecting equipment of all animals, as far as is 
known, operates in the presence of moist surfaces. 
It is obvious that the surface tension of mineral oil 
in a moist atmosphere is reasonably stable. Figure 
2 shows the changes in surface tension of mineral 
oil when there is present in the box either rubber or 
iodoform. The magnitude of this surface tension is 
not greatly changed but some fluctuation in magni- 
tude may be noted. Camphor and cloves produced 
little change in the surface tension of mineral oil. 
Studies were made to determine the’ effects of 
odorauts on the surface tension of a mercury sur- 
face. Figure 13 shows the surface tension of mer- 
cury for three different tests. It may be observed 
that immediately after the formation of the drop, 
the surface tension fell very rapidly, perhaps due 
to the absorption of water vapor on the mercury 
surface. By placing within the drop chamber a 
small container of distilled water, the surface ten- 
sion of the mercury fell more rapidly and soon be- 
came relatively stable. As may be noted from this 
figure, in one test stability was reached at about 
365 dynes/cm., and in two other tests at about 
350 dynes/em. This is substantially below the 
published figures for the surface tension of a mer- 
cury-to-air surface. 


| 
| 
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SURFACE TENSION — OYNES/CM 


| 
20 24 28 32 36 40 
TIME — MINUTES 
-Effect of contaminant on surface tension 
change. 

Test liquid: mineral oil. Contaminant: curve 
a, rubber; curve 6, no contaminant; curve c, iodo- 
form. Rubber sample placed in box before liquid 
drop was formed. lodoform placed in box at point /, 


Fig. 12. 


SURFACE TENSION — DYNES/ CM 


“ea S246 4 
Teme MINUTES 
Fig. 13.—Variation of surface tension of mercury. 
hree separate tests. 
Container of distilled water placed in odor cham- 
ber at J. Chamber re-opened and empty odor con- 
tainer placed in box at J/. 


Figure 14 shows the effect of iodoform in the 
chamber on a water-stabilized mercury drop. It 
may be noted that when the odorous material was 
added to the chamber, the surface tension fell 
rather promptly approximately 15 dynes/cm. and 
then varied in a random nature with time. The 
presence in the chamber of a quantity of camphor 
gave similar results as indicated in Fig. 15. Figures 
16, 17, and 18 show similar tests for mothballs, 
cloves, and rubber, respectively. 


SURFACE TENSION — DYNES/CM 


Fig. 14.—Effect of contaminant on surface tension. 
Test liquid: water-stabilized mercury. Con- 
taminant: iodoform placed in chamber at /. 


32 40 5&6 64 72 
TwE — MINUTES 
Fig. 15.—Effect of contamination on surface ten- 
sion. 
Test liquid: water-stabilized mercury. 
taminant; 


Con- 
gum camphor placed in chamber at /. 
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Results of several tests are shown in somewhat 
different fashion by the curves of Figs. 19 to 23, in- 
clusive. Each of these figures represents the effect 
of a single odorant on the surface tension of the three 
liquids employed; namely, distilled water, mineral 
oil, and mercury. These curves are plotted in terms 
of the per cent change in surface tension occasioned 
by the several different odorants. Figure 19 indi- 
cates that camphor produces a 20% change of sur- 
face tension on distilled water, approximately 6% 
change of surface tension on water-stabilized mer- 


40 ae sé ee 72 60 ee oe 
— MINUTES 
Fig. 16.—-Effect of contamination on surface tension. 
Test liquid: water-stabilized mercury. Con- 
taminant: moth ball placed in chamber at J. 


2 

z 
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Fig. 17.—Effect of contamination on surface tension. 
Test liquid: water-stabilized mercury. Con- 
taminant: cloves placed in chamber at /. 


SURFACE TENSION — DYNES/ CM 


8 $2 40 46 56 
TIME — MINUTES 
Fig. 18.—Effect of contamination on surface tension. 
Test liquid: water-stabilized mercury. Con- 
taminant: rubber placed in chamber twenty-three 
hours before mercury drop was formed. 
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cury, and a 3% change of the surface tension of 
mineral oil. Corresponding results are shown in 
Fig. 20 for iodoform, in Fig. 21 for mothballs, in 
Fig. 22 for cloves, and in Fig. 23 for rubber. A 
comparison of Figs. 19 and 22 is particularly inter- 
esting. It may be noted that camphor causes a 
relatively large change in the surface tension of dis- 
tilled water as compared to the change produced 
in the surface tension of water-stabilized mercury. 
In contrast, cloves produce a relatively large change 
in the surface tension of the water-stabilized mer- 


PERCENT 
IN SURFACE TENSION 


6 24 32 40 48 56 64 72 80 


TIME — MINUTES 
Fig. 19.—-Per cent change in surface tension. 
Contaminant: gum camphor. Test liquids: 
curve a, distilled water; curve 6, mercury; curve c, 
mineral oil. 
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PERCENT 
IN SURFACE TENSION 


64 72 60 


24 32 40 «46 
TIME —MINUTES 
Fig. 20.—Per .cent change in surface tension. 
Contaminant: iodoform. Test liquids: curve a, 
distilled water; curve b, mercury; curve c, mineral 
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CHANGE 


PERCENT 
IN SURFACE TENSION 


3 «48 72 60 

TIME —MINUTES 

Fig. 21.—Per cent change in surface tension. 
Contaminant: moth balls. Test liquids: curve a, 

distilled water; curve 5, mercury. 
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CHANGE 


PERCENT 
IN SURFACE TENSION 


Te MINUTES 
Fig. 22.—Per cent change in surface tension. 
Contaminant: cloves. Test liquids: curve a, 


distilled water; curve 6, mercury. 


cury as compared with the effect of cloves on dis- 
tilled water. An analysis of these two curves indi- 
cates that by a comparison of the changes produced 
in the surface tension of the two drops, water and 
water-stabilized mercury, it would be possible to 
discriminate between the presence in the test cham- 
ber of camphor or cloves. Similar conclusions 
might be reached relative to the other odorous ma- 
terials employed. 


Correlation of Surface Tension Experiments with 
Olfaction.—It is of interest to note that some of the 
characteristics of the surface tension curves are simi- 
lar to the known characteristics of olfaction. These 
similarities suggest that possibly the mechanism of 
olfaction is in some way associated with the changes 
in surface tension of some of the liquids of the nose 
due to the presence in the nose of molecules of odor- 
ous substances. Points of similarity which might 
be mentioned are as follows: 


1. The decrease of the surface tension of a liquid 
as effected by odorous materials continues for sev- 
eral minutes and then becomes stable. This is 
somewhat in agreement with the character of the 
nose in that odors can be detected for a period of 
time, but with the onset of fatigue of the olfactory 
system, the odors are no longer detectable. This 
suggests that odors may possibly be detected by the 
nose during the period when surface tension is 
changing. 

2. The rate of change of surface tension is de- 
pendent on the exposed odorous materials area 
which presumably determines the rate at which the 
molecules in the surface layer are forming on the 
drop. Similarly the nose detects the presence of a 
large quantity of odorous material as contrasted to 
small concentrations and more quickly becomes 
fatigued 

3. The surface tension curves show some vari- 
ation in value even after the curves have reached a 
more or less stable reduced value. These low 
amplitude swings in the surface tension curves 
suggest the observed behavior of the nose which is 
able occasionally to detect an odor even when it has 
become fatigued to the odor over a considerable 
period of time. 

4. As shown in certain tests, data of which are 
not presented herein, the removal of the odorous 
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32 
TIME MINUTES 
Fig. 23.—Per cent 
Contaminant: rubber. 


change in surface tension. 
Test liquids: curve a, 


distilled water; curve c, mineral oil. 


material from the drop chamber caused the surface 
tension to start rising immediately and to restore to 
practically normal value within a period of five or 
ten minutes. As is well known, the nose, after 
being fatigued to an odor, will regain its sensitivity 
to that odor after being supplied with fresh air for 
a few minutes. 

5. No tests were run to examine the change in 
surface tension of the liquid drop in the presence of 
more than one odorant. It seems reasonable to 
believe that one material might be placed in the box 
and cause relatively small surface tension change, but 
that the addition of a second odorant might cause a 
further reduction in surface tension. If so, this be- 
havior would be in agreement with that of the nose 
in which fatigue may develop with reference to one 
odor, yet leave the nose able to detect readily an- 
other odor which might be presented. 

6. On the basis of a camphor molecule having a 
diameter of 2.8 X 10~* cm. forming a monomolecular 
layer on a spherical water drop of diameter 0.4 cm., 
approximately 2 X 10" molecules would be re- 
quired. As indicated by studies made by Passy, 
the minimum number of molecules of camphor 
which must be drawn into the nose to produce the 
sensation of odor is approximately 4 < 10" mole- 
cules. That these two figures should be of the same 
order of magnitude, is of more than passing interest. 

7. The effect of contamination 6n the surface 
tension of a liquid has been shown to be associated 
with the architectural characteristics of the mole- 
cule of the contaminant (13, 18-20). While this 
particular phase of the work has not been studied in 
the present experiments, other investigators have 
shown this to be the case where contamination was 
added directly to the liquid. Numerous investi- 
gators have shown somewhat similar relations exist- 
ing between odors and molecular structures. For 
instance, structurally similar isomers usually have 
similar odors. As the difference in molecular struc- 
ture or architectural style of isomers increases, so 
do odor differences. Some stereoisomers have 
different odors. 


The surface tension experiments indicate a pos- 
sible mechanism of olfaction. It is possible that in 
the nose there is disposed over certain areas small 
patches of different liquids, and perhaps over all of 
these is a coating of lipoid fluid. Molecules of 
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odorous material entering the nose may be passed 
through the lipoid liquid to the surface tension- 
sensitive liquids there to bring about a change in 
surface tension and a change in pressure recognizable 
by the nervous system. The intensity of the odor 
is perhaps determined by the rate of surface tension 
change resulting. Distinction between different 
odors may possibly be determined by the difference 
in the rate of surface tension change between the 
areas covered by different liquids. Such a mecha- 
nism would be in agreement with many of the known 
characteristics of olfaction. 


CONCLUSIONS 


1. The surface tension of several different 
liquids has been shown to change due to air- 
borne contamination from nearby solid odorous 
materials. The amount of the surface tension 
change has been readily measured by the Pendant 
Drop Method. The degree of contamination 
used in the experiments has been that which would 
be classified as a strong odor. 

2. The effect on the surface tension of con- 
tamination of the air by different odorants is 
characteristic of the odorous materials and is 
quite different on the three liquid surfaces con- 
sidered in the experiments. 

3. The change in the surface tension of the 
liquid due to contaminated atmosphere is in- 
fluenced by the degree of contamination. 

4. There have been presented certain simi- 
larities between the behavior of liquid surfaces 
in the presence of contaminated atmosphere and 
olfaction. 
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5. An improvement in the method of surface 
tension measurement which would make possible 
the measurement by electrical means with ampli- 
fication might show many more interesting char- 
acteristics of surface tension phenomena. 

6. These studies extended with greater sensi- 
tivity to liquids other than distilled water, mer- 
cury, and mineral oil might indicate methods 
by which many different contaminations could be 
differentiated. 
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The National Registry of Rare Chemicals, Armour Research Foundation, 33rd, Federal and Dearborn 


Streets, Chicago, IIl., 


Strontium tartrate tetrahydrate 

2-Carboxy-5-n-butyl pyridine 
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N,N-Dimethylthioacetamide 
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1,1’-diphenylmethane 

2-Amino-5-nitrothiazole 

2-n-Butyl hydroquinone 

Carvacrol, pure 

Emodin 

Fraserin 

Phytolaccinum 

Protoanemonin 

Ptelein 
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A series of 21 new monoalkylcarbamic acid 
esters of some tertiary-amino alcohols has 
been prepared. Two new ureas have been 
isolated and identified. Single pharma- 
cological tests have been made with each 
compound using three methods: the rabbit 
cornea, the guinea pig wheal, and the Rider 
frog. The results a Then that some of the 
compounds are local anesthetics and that 
further pharmacological study of the series is 
warranted. 


Ancunee of studies have been made of the 

local anesthetic activity of arylcarbamic 
acid esters of aminoalcohols. Only three refer- 
ences to analogous monoalkylearbamic acid 
esters have been found in the literature (1-3). 
Of these, 2-diethylaminoethyl 2-propylearbamate 
(2) was tested as a local anesthetic; however, no 
specific statement was made concerning its ac- 
tivity. In the present investigation we have 
undertaken the synthesis of a series of these 
compounds, the thajority of which are of the gen- 
eral type, RNHCO,C,Hs,NRz. The work ac- 
complished extends this series to the higher 
alkyl-, branched alkyl-, and unsaturated alkyl- 
carbamic acid esters of some of the more im- 
portant tertiary-amino alcohols. The general 
reactions involved in their synthesis are written 
below in which R = alkyl and R’ = dialkyl- 
aminoalkyl except for 3-piperidino-1,2-propane- 
diol monononylearbamate in which R’ is the 
piperidinoalkyl. 


socl, 


RCO.H 


NaN 
RCOCI 


RCON, _ heat 
RNCO 
RNCO + HOR’ ———» RNHCO.R’ 


EXPERIMENTAL 


The methods used in the synthesis of 2-diethyl- 
aminoethyl heptylcarbamate exemplify the general 
methods used throughout the work. 

Preparation of Octanoyl Chloride.—The acid 
chloride is prepared from 29.5 Gm. (0.25 mole) of 
thionyl chloride and 33.0 Gm. (0.23 mole) of octa- 
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some of the materials. 
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noic acid without the use of a solvent. A yield of 
= 2.3 Gm. (0.20 mole) of octanoyl chloride, b. p. 90- 

15° /15 min., is obtained. This represents a yield 
a 87°) of the theoretical based on the acid used. 

Preparation of Heptyl Isocyanate.—-A mixture of 
17.0 Gm. (0.26 mole) of activaied sodium azide and 
50 ce. of toluene, previously dried over sodium and 
distilled, is reacted with 32.3 Gm. (0.20 mole) of 
octanoyl chloride as in the Curtius reaction (4). 
Slight heating of the resultant mixture initiates a 
reaction which lasts an hour. The mixture is then 
heated for an additional ninety minutes, after 
which it is cooled and filtered and the toluene re- 
moved in vacuo. Distillation gives 17.56 Gm. (0.12 
mole) of a colorless, limpid, sweet-smelling, laeryma- 
tory liquid which boils at 83.5°/15 fmm. The yield 
based on octanoyl chloride is 60%. 

Preparation of 2-Diethylaminoethyl Heptylcar- 
bamate.—To 14.2 Gm. (0.10 mole) of heptyl iso- 
cyanate in 25 cc. of dry toluene is added 14.0 Gm. 
(0.12 mole) of 2-diethylaminoethanol. Dry hy- 
drogen chloride gas is later passed into half of the 
toluene solution for thirty minutes and the product 
is allowed to stand overnight. Additional HCl 
gives no further precipitation. The precipitate is 
collected giving 2.1 Gm. of a product which is re- 
crystallized from chloroform twice and from dry 
acetone four times, m. p. 127.5 to 130.5°. The re- 
maining toluene solution of the free base is frac- 
tionated and 6.4 Gm. of a product, b. p. 156-157°/1 
mm., is obtained. The yield is 32% of the theoreti- 
cal based on the isocyanate. 

The dihydrogencitrate is prepared by adding a 
saturated solution of citric acid to the free base 
dissolved in dry ether until precipitation is com- 
pleted. The citric acid solution is prepared by dis- 
solving the acid in a mixture of 10% anhydrous 
methanol and 90% anhydrous ether. The above 
precipitate is washed several times with dry ether or 
petroleum ether and then recrystallized several 
times from a mixture of ethyl acetate and anhydrous 
methanol (20:1). The product is a white crystal- 
line material, m. p. 100.5 to 101.5°. 

Anal.—Caled. for CooHyO,N:: N, 6.22. Found: 
N, 6.20; 5.81. 


DISCUSSION 


In most syntheses it was necessary to reflux 
the acid azide for three hours in order to com- 
plete the decomposition to isocyanate. Attempts 
to prepare isocyanates in a benzene solution were 
unsuccessful. Repetition of one such unsuccess- 
ful attempt using toluene instead of benzene was 
successful. The additional heat thus afforded is 
apparently desirable for efficient formation of 
the acid azide as well as for its subsequent de- 
composition. 
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A Convenient Laboratory Preparation 
Ethylmorphine Hydrochloride, U. S. P. 


By MANUEL M. BAIZER and KURT S. ELLNER 
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Cultivation Studics of the Solanaccous Drugs 


Il. The Effect of Nutritional and Soil Reaction Fertilizers on the Production 
Yields and Total Alkaloidal Content of Atropa belladonna and 


Hlyose 


By W.R. BREWER, and L. DAVID HINER 
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Tas_e VI.—SIGNIFICANCE OF VARIATIONS IN BELLADONNA ALKALOID TEST 


Sums of 
Source of Variation Squares 


Interactions between: 
N and P 


SESSES 


K and pH 
Main effects of : 
N 


K 


ou 


eplications 
Random 
Total 
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Square 
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The analysis of the data from the 1947 hyoscya- 
mus experiments differs from the belladonna since 
there were no replications. Table VII shows the 
dry weight and alkaloidal assays of the hyoscyamus 
plots 


TABLE VII.—-PrRopuCTION AND ALKALOIDAL ASSAYS 
or Hyoscyamus niger (BIENNIAL) IN NUTRITION AND 
pH Test Plots 


Treatment 
(Plot No.) 


Lb./Acre 
Yield 


Assay 
Percentage 


9720 


1 
2 
3 
4 
5 
6 
7 
8 
9 


The same calculations and tests were made on 
each of the sets of measurements in Table VII as 
were described in the discussion concerning bella- 
donna. Nothing approaching significance was 
found in the production yield data for hyoscyamus, 
and therefore, no information on those caiculations is 
included. Further study is needed to determine the 
value of fertilizers and pH control in hyoscyamus 
production. 

For the consideration of the value of such treat- 
ment on alkaloidal content, however, Table VIII is 
offered showing the main effect and interaction 
terms in the analysis of the assays. 

Table IX, containing the results of the test for 
significance of the effects of the nutrition and pH 


Taste VIII.—Errect or H1-Levet Cvrassirica- 
trons N, P, K, AND pH 1n Hyoscyamus niger (BIEN- 
NIAL) ALKALOID TEST 


N P K 
-—0.69 -—0.19 +0.19 


oH 
Main effect —0.06 
Interaction 
with: 
P +0.81 
K —0.06 
pH —0.06 


+0.19 
+0.44 +0.56 


Tasie IX.—SIGNIFICANCE OF VARIATIONS IN Hyoscyamus niger (BIENNIAL) ALKALOID TEST 


Sums of 


Source of Variation Squares 


Interaction between: 
N and P 
N and K 
N and pH 
P and K 
P and pH 
K and pH 


Main effects of: 


P 

K 

pu 
Random 

Total 


10.5625 
0.0625 
0.0625 
0.5625 
3.0625 
5.0625 


D. F. Significance 


5% 

None 
None 
None 
None 
None 


Almost 
None 
None 
None 


1 3625 
Foo = O61; Foo = 16.26. 


Mean square for random error 
Values of F for land 5 D. F.: 


590 
F cance 
N and K 1 5% 
N and pH 1 None 
P and K 1 None 
P and pH 1 None 
Almost 
| None 
None 
None 
720 1% 
1277 
8208 .08 
> | ll 
6736 .08 
4446 ‘07 
3064 .07 
5O94 .08 
4491 .07 : 
5655 .06 
: 10 5643 .10 
1l 5615 .08 
12 5625 .07 
13 4923 .O7 
4 14 7816 .06 
; 15 6003 .10 
16 4792 .10 
1 7.75 
1 0.05 
1 0.05 
1 0.41 
1 2.25 
1 3.72 
N 7.5625 1 5.55 
0.5625 1 0.41 
0.5625 1 0.41 
0.0625 1 0.05 
6.8125 5 
34.9375 15 


treatments, in regard to assays, shows that only the 
interaction between N and P is significant, while the 
main effect of N alone is almost significant. It 
may be concluded, therefore, that the combination 
treatment of Hi N and Hi P significantly increases 
the alkaloidal content, but that N alone in high 
levels almost significantly tends to decrease alka- 
loidal content. 


CONCLUSIONS 


The results of the study show: 

1. That high nitrogen fertilizer such as am- 
monium nitrate used alone is the best application 
for increasing dry weight production of bella- 
donna leaves. 

2. That a combined phosphorus and high pH 
fertilizer (calcium phosphate and lime) is second 
in value in its increasing of belladonna leaf pro- 
duction. 

3. That the best treatment for increasing 
belladonna alkaloid production is a combined 
nitrogen and potassium fertilizer (ammonium 
nitrate and potassium chloride). 
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4. That, although no fertilizer was found 
which increased hyoscyamus production signifi- 
cantly, the increase of its alkaloidal content 
may be brought about by the use of a nitrogen and 
phosphorus combination fertilizer (ammonium 
nitrate and calcium phosphate). 
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Investigation of Chrysactinia Mexicana, A. Gray*+ 


By LEWIS LAPPAS and CARROLL B, GUSTAFSON} 


The authenticated, air-dried aerial portion of this heath-like shrub, with relatively 
few flower heads present, has been subjected to the usual proximate, qualitative, an 


quantitative analyses. 


No extraordinary constituents seem to be 
maltose, was isolated from one series of extracts of the prep: 

one-half of one per cent of a volatile oil was separated from another extract. 
contained a camphoraceous, ketone-like component. 


resent. 


A sugar, 
drug. 


Less than 
This oil 
A separation by the method 


of Pincus, modified by Costello, yielded extracts which produced characteristic color 


reactions with m-dinitrobenzene. 


These results from the Zimmerman color reaction, 


modified by Pincus, were highly suggestive of 3- and/or 17-ketosteroids being pres- 


ent in the extracts. Some estro 
tai 


As of Boston, Mass., on one of his trips 

through Central America learned of a drug 
which enjoyed considerable popularity as a medic- 
inal agent, and was reputed to produce a so- 
called ‘‘rejuvenation”’ of the male. Some time 
thereafter, small quantities of the plant were col- 
lected for investigation. 
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nic activity from aw extract of the drug was ob- 
on ovariectomized 


A survey of the literature revealed no report on 
chemical study of this plant. Inasmuch as estro- 
genic and androgenic principles have been de- 
tected and isolated from various plant drugs in 
recent years, this investigation was carried out in 
an attempt to contribute to the chemistry of this 
seemingly valuable drug. 


HISTORY 


In the year 1849 Asa Gray published a macro- 
scopic description of the plant, Chrysactinia 


Mexicana, A. Gray, in the Memoirs of the Ameri 
can Academy “. . 


. Shrub, one or two feet high, 


heathlike; etc. ... It must therefore be re- 
ferred to Tagetineae, where it combines the char- 
acters of the two divisions, having the rays and 
the style of the Tageteae, with nearly the pappus, 
involucre and foliage of porophyllum. The name 
is given in allusion to the (golden yellow) rays, 
which distinguish the plant from the porophyl- 
lum ...’’ (1). 

Chrysactinia Mexicana bears many synonyms. 
The following are representative, with their locali- 
ties: Calanca (Vera Cruz); Yeyepaxtle (Puebla) ; 
San Nicolas; hierba de San Nicolas (Coahuila, 
Durango, San Luis Potosi); damiana, damianita 
(Chihuahua, Durango, Texas, etc.); mariola 
(Valley of Mexico); false damiana, garanona, 
romerillo (Coahuila, Hidalgo); also said to be 
known as guayule (2). 

In Texas it is distributed in the plains country 
of the northwest, in Edward's Plateau, and in the 
Trans-Pesos area where it is known as “‘false 
damiana” (3). 

The drug finds local use as a domestic medic- 
inal agent and is said to be an aphrodisiac, anti- 
spasmodic, sudorific, diuretic, antipyretic, and 
antirheumatic (2). 


EXPERIMENTAL 


Preparation for Analysis.—The drug, in the form 
of the air-dried aerial portion of the shrub, was 
authenticated as true Chrysactinia Mexicana, A. 
Gray of the comositae family by Dr. Heber W. 
Youngken of the Massachusetts College of Phar- 
macy, Boston, Mass. 

The garbled drug was pulverized to 20-mesh size, 
stray iron particles were removed by a magnet, and 
the whole thoroughly mixed. Samples for analysis 
were withdrawn from this uniformly mixed material. 
All quantitative determinations were calculated 
on the basis of the moisture-free drug. 

Proximate Analyses--Moisture...The average 
moisture content of two samples of the air-dried 
drug was 6.62% as determined by the ‘Moisture 
Method by Toluene Distillation” of the United 
States Pharmacopeeia XI (4). 

Ash Determinations.—The methods were those 
of the U.S. P. XI, and results were as follows: 


Acid-insoluble ash... . . 0.24% 
Acid-soluble ash (by difference)... .. . 4.26°, 
Water-insoluble ash. ..... 2.32% 
Water-soluble ash (by difference ) 2.18% 


Spectrographic Qualitative Analysis of the Ash. — 
This analysis made on the total ash by an indus- 
trias laboratory indicated that the elements sodium 
and potassium were present as major constituents. 
Calcium, magnesium, and iron were present in 
about 0.01% amounts, and silieon and aluminum 
were present in trace amounts. 

Extractives.— Suitable, accurately weighed sam- 
ples of the powdered drug were completely ex- 
tracted by the methods of the U. S. P. XI (4) em- 
ploying a Soxhlet continuous extraction apparatus 
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with duplicate samples and alcohol, diluted alcohol 
(50% aqueous), distilled water, absolute ether, and 
petroleum benzin as the solvents. 


Alcohol-soluble extract (20 hr. ) 12.70% 
Diluted alcohol-soluble extract 15.82% 
Water-soluble extract..... 24.67% 
Volatile ether-soluble extract 0.99% 
Nonvolatile ether-soluble extract.... 0.94°) 


Crude Fiber.—Two samples of the drug yielded 
an average of 36.32% of crude fiber by the U. S. P. 
XI method (4). 

Alkaloids. —The immiscible solvent method of the 
U. S. P. XI was used as a basis for the qualitative 
test for alkaloids. Five portions of the prepared 
drug were extracted separately, one with 50% alco- 
hol and water, another with chloroform, a third 
with ether, a fourth with petroleum ether, and a fifth 
and last part with toluene as the solvents, respec- 
tively. The extracts were clarified by filtration, 
concentrated with gentle heat, and purified by ex- 
traction with successive portions of hydrochloric 
acid T. S., ammonium hydroxide T. S., and chloro- 
form. This purification process was repeated five 
times and the final acid extract (containing any 
alkaloidal salt) in each case neutralized with sodium 
carbonate and tested for the presence of alkaloids by 
the common precipitation tests. 

Mayer's reagent, saturated solution of picric acid, 
0.1 N iodine, and 10% tannic acid solution all failed 
to give a positive test or reaction. 

Nitrogen from Alkaloidal Matter.._The drug was 
extracted in thé customary manner with acidified 
alcohol. The extract was purified by evaporation 
at reduced pressure and treated with absolute alco- 
hol. The filtrate was subjected to the usual im- 
miscible solvent extraction of alkaloidal matter. 
The final chloroform solution of any alkaloidal 
matter was allowed to evaporate to dryness at room 
temperature and this residue subjected to the usual 
test for nitrogen using metallic sodium. 

No characteristic Prussian blue color or precipi- 
tate was obtained which indicated that nitrogen- 
containing substances such as alkaloids were absent 

Qualitative Analysis for Sugars.—A water ex- 
tract and an 80% alcohol extract of the drug were 
prepared. The aqueous extract was treated with 
lead acetate solution, filtered, and the excess lead 
removed by using hydrogen sulfide. It was then 
freed from the latter by washing and finally re- 
peatedly filtered until clear. The alcohol extract 
was cleared with lead acetate and the excess of lead 
removed by precipitation with potassium oxalate. 

The filtered, clear, aqueous extract gave positive 
Molisch, Benedict’s qualitative, Barfoed’s, and 
osazone tests and negative Seliwanoff, mucic acid, 
and Tollen’s orcinol tests. The prepared alcohol 
extract gave positive Molisch, Benedict’s qualita- 
tive, and osazone tests and the others were nega- 
tive. These results, coupled with the crystalliza- 
tion of the osazones only on cooling indicate the 
presence of maltose in the extracts. Microscopi- 
cally the yellow rosette-like crystals in the form of 
broad lamina with pointed apices are characteristic 
of maltosazone. 

Quantitative Analysis of Sugars.—An aliquot of a 
90% alcohol extract of the drug was subjected to 
the method for the quantitative determination of 
sugars of the Official Agricultural Chemists (6). 
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The extract was prepared by evaporating the alco- 
hol and adding some water to the soft, gummy resi- 
due. Lead acetate solution was added, the excess 
lead removed with potassium oxalate, and the mix- 
ture diluted with water to a definite volume and 
then filtered. This filtrate analyzed by the Mun- 
son and Walker method (7) for sugars indicated total 
sugar calculated as maltose, dextrose, and invert 
sugar of 0.80, 0.43, and 0.45%, respectively. 

An aliquot of the same filtrate was heated with 
hydrochloric acid on a water bath for one-half hour, 
neutralized with sodium bicarbonate, and then di- 
luted to volume. Invert sugar in this was deter- 
mined quantitatively by the Munson and Walker 
method (7). The invert sugar in this prepared solu- 
tion calculated as maltose, dextrose, and invert sugar 
equaled 1.55, 0.84, and 0.88%, respectively. 

Glycoside.—For extracting the glycoside a modi- 
fication of a process by Rosenthaler (8) was em- 
ployed. 

Some calcium carbonate was added to 95% alco- 
hol and 250 Gm. of the coarsely ground drug was 
slowly added to the alcohol mixture kept boiling on 
a water bath. After all the drug had been added 
the boiling was continued for two hours under a re- 
flux condenser. The mixture was filtered while 
hot and the drug refluxed again with hot alcohol. 
The combined hot alcohol extracts were allowed to 
cool and a grayish-white mucilaginous substance 
separated and was filtered out and preserved. The 
clear filtrate was evaporated to dryness at 20° and 
20 mm. pressure. The dry residue was taken up 
with hot water and neutral lead acetate was used 
as a precipitant. After filtration the excess of 
lead was removed with hydrogen sulfide and the 
lead-free filtrate evaporated to a syrup at 18° and 
20 mm. pressure. 

This syrup was extracted with a hot mixture of 
equal parts of alcohol and ethyl acetate. Enough 
hot ethyl acetate was added slowly until two layers 
formed which were separated. The ethyl acetate 
layer was allowed to evaporate spontaneously in a 
beaker protected from dust. After about one week 
numerous crystal aggregates formed. 

The aqueous syrup-like layer yielded some crys- 
tals after refluxing with ethyl acetate for two hours, 
the ethyl acetate layer separated, and crystallized as 
above. No additional crystals could be obtained, 
nor could any crystals be obtained from any of the 
other fractions mentioned. 

The crystal products were recrystallized from a 
hot mixture of equal parts of alcohol and ethyl 
acetate. It was found that either alcohol or ethyl 
acetate alone could be used as the solvent for re- 
crystallization. The individual crystals of the white 
bundle-like aggregates were needle-shaped and often 
grouped into “‘feather-duster” or “‘fan-like’’ bundles 
resembling shocks of grain. The dried crystals 
melted with decomposition at 160°. 

Pure maltose (Merck) recrystallized in the same 
way resulted in identical crystal forms which 
melted with decomposition at 161.50°. 

Nitrogen Determination.-The Kjeldahl method, 
modified to include nitrogen of nitrates, was used 
(5). The substitution of 1.0 Gm. of anhydrous 
copper sulfate for the 0.7 Gm. of mercuric oxide 
called for seemed to improve the method, which 
gave duplicate results of 0.68% of nitrogen. Cal- 
culated from the total nitrogen by the formula N 
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(% of nitrogen) X 6.25 = % of protein. The re- 
sult was 4.25%. 

Volatile Oil.—The method of the U. S. P. XII (9) 
was used to determine the volatile oil in the drug, 
and yielded 0.45%. The volatile oil was lighter 
than water, had an aromatic dill to camphoraceous 
odor, and was colorless at first, gradually becoming 
brilliant light vellow, probably because of oxidation 
during the process of distillation. Index of refrac- 
tion for the colorless fraction at 12° was 1.4720, of 
the mixture of colorless and colored fractions at 
25° was 1.4712. The specific gravity of the color- 
less oil, determined by the use of a capillary Sprengel 
tube, was 0.9679. 

The camphoraceous or borneol-like odor of the 
oil suggested an investigation for their presence. 
No phenylurethane derivative of the oil (10) could 
be prepared, hence borneol or other alcohols were 
considered to be absent. A semicarbazone (11) was 
prepared, which suggested an aldehyde and/or 
ketone. This semicarbazone melted at 193.5° with 
decomposition; that of camphor melts at 238°. 

Androgenic and Estrogenic Principles.—In an 
attempt to isolate steroidal matter from Chrysactinia 
Mexicana, a procedure for the separation of the 
androgenic and estrogenic components in human 
urine devised by Pincus (12) and modified so as to 
include plant drug extracts by Costello (13) was 
applied. 

A kilogram of the coarsely ground drug was ex- 
tracted in a Soxhlet apparatus with 95% alcohol, 
the alcohol removed from the extract at 18° and 
20 mm. pressure, thus yieldiag a black resinous 
mass. This residue was hydrolyzed by boiling it 
with 3 L. of 12% hydrochloric acid for seven min- 
utes. The filtrate from this hydrolysis was dis- 
carded and the hydrolyzed residue was completely 
extracted with peroxide-free absolute ether. This 
ether extract was washed with distilled water and the 
washings separated and discarded. The ether extract 
was finally washed with several 10-15 cc. volumes 
of saturated sodium carbonate solution which re- 
moved acidic material, pigments, and the like. 
The acid-free ether extract and the sodium carbon- 
ate washings were separated, filtered, and retained 
for individual tests. 

The acid-free ether extract was then extracted 
with 2 N sodium hydroxide and both solutions 
separated and filtered. The ether solution now 
represented the total ketosteroids or androgenic 
fraction. The alkaline solution represented the total 
phenolic or estrogenic fraction. 

The ether solution, the androgenic fraction, was 
washed free of alkali with distilled water, and evap- 
orated to dryness at 15° and 20 mm. pressure. A 
dark green, oleoresinous material weighing 2.5 Gm. 
was obtained. All of this material was dissolved 
in 100 ce. of 95% alcohol and filtered until clear 
in preparation for colorimetric assay by the Pincus 
modification of the Zimmerman reaction (14). 

Aliquot portions of this total androgenic fraction 
were treated with 0.2 cc. of a 2% solution of m-dini- 
trobenzene in alcohol, followed by 0.2 cc. of 2.5 N 
aqueous potassium hydroxide and mixed well. 
This mixture was then placed in the dark at room 
temperature for forty-five minutes, and exactly 
three minutes before colorimetric measurement the 
prepared samples were diluted to 20 cc. with 60% 
alcohol. The measurements were made with a 
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Fisher Electrophotometer provided with a 510-520 
mu filter. Each aliquot was corrected for any color 
present by using a blank sample with the usual 
amount of potassium hydroxide but no m-dinitro- 
benzene solution. Solutions of dehydroisoandros- 
terone and of testosterone, which were available, 
were used as comparative standards. The aliquots 
of this total androgenic fraction treated with m- 
dinitrobenzene in the presence of alkali developed 
the characteristic violet-red color which became 
brownish orange after standing forty-five minutes 
at room temperature. 


I.—TESTOSTERONE SOLUTION (100 7/Ce.) 


Taste Il. — DBHYDROISOANDROSTERONE ( 100 +/Cc.) 


Volume 


Used, Ce Seale A® Seale B,* “| 
0.05 3.6 94.4 
4.0 91.25 
0.25 5.8 87.5 
0.3 5.9 87.25 
0.5 6.5 86.2 
0.6 6.4 86.4 


* Nore: Seale A is a logarithmic cale ulation, and Seale B 
is the percentage of light transmission 


Taste IIl.—UNKNoWN (ANDROGENIC FRACTION) 
(2. 5 ) Gm. /100 Ce.) 


Volume 

Used, Ce. Seale A Scale B, % 
0.0017 2.6 93.6 
0.0051 3.9 91.5 
0.0085 4.2 90.9 
0.043 20.8 62.0 
0.1 39.9 40.0 
0.129 52.3 30.0 
0.215 61.1 24.5 
0.3 70.0 20.0 
0.5 96.0 1.0 


The material tested was not a pure substance so 
the results obtained do not positively identify the 
androgenic material but the characteristic color 
reaction obtained is highly suggestive of 3 and/or 
17-ketosteroids. Zimmerman (15) ascribes the 
qualitative color reaction of ketosterols with m- 
dinitrobenzene, sensitivity 1:100,000, to a violet- 
red decomposable dye, which in the case of rela- 
tively stable compounds is slowly converted into a 
second brownish orange dye. He assumed that 
the violet dye first formed was an addition com- 
pound of the quinol-nitro acid with the ketosterol 
held together through secondary valence bonds, and 
that the C—C bond becomes active only in the sec- 
ond brownish orange compound. Zimmerman 
further stated that in spite of the presence of an 
active methylene group, 6-keto, 7-keto, and 12-keto 
compounds do not give the reaction, and the pres- 
ence of the functional groups in the polar positions 
(3- or 17-) is necessary for the development of the 
color reaction, just as the same configuration is 
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necessary for physiological activity. Sterols having 
no keto group fail to give the color reaction. Zim- 
merman tabulated other substances having active 
methylene groups which give the reaction. 

The alkaline solution, representing the total 
phenolic or estrogenic fraction, was brought to a pH 
of 2.5 with concentrated hydrochloric acid, filtered, 
and the filtrate extracted with ether. The ether 
extract was evaporated to dryness at 15° and 20 
mm, pressure and 0.5 Gm. of residue obtained. A 
sighting experiment, employing biological methods 
of assay upon ovariectomized rats, was performed 
on this estrogenic fraction. The results were indefi- 
nite, but indicative of some estrogenic activity. 
This phenolic or estrogenic fraction should be com- 
bined with the sodium carbonate washings in order 
to obtain a true picture of the total estrogenic ac- 
tivity. 


SUMMARY 


1. The aerial portion of the shrub Chrysac- 
tinia Mexicana, A. Gray, was subjected to proxi- 
mate analysis and a series of extracts prepared. 

2. Various qualitative tests were performed 
upon extracts of the prepared drug. 


(a) Alkaloidal material was considered to be 
absent in the extracts tested. 

(b) The sugar, maltose, was isolated from an 
extract of the drug. 

(c) Forty-five hundredths of a per cent of 
volatile oil was obtained. This oil has 
a dill or camphor-like odor and showed 
the presence of a keto-like compound, 
the semicarbazone of which melted at 
193.5° with decomposition. 


3. Color reactions with m-dinitrobenzene 
were highly suggestive of the presence of 3- 
ketosteroid, 17-ketosteroid or of 3-17-diketos- 
teroid in an extract. 

4. Some estrogenic activity was displayed in a 
biological assay experiment upon ovariectomized 
rats by a fraction from an extract. 


REFERENCES 


(1) Gray, A., Mem. Am. Acad. Arts Sci., 4, 93(1849). 
(2) Standley, P. C., “Trees and Shrubs of Mexico,” 
Contribs U.S. Nat. Herbarium, 23, 1615(1920-1926). 
(3) “Catalogue of Flora of Texas,’ Texas Agricultural 
Experiment Station, 550, 1937, p. 103. 
(4) “United States Pharmacopeeia’ ", Eleventh revision, 
Mack Printing Co., Easton, Pa., 1936, pp. 474-475, etc 
(5) “Methods of Analysis of the Association of Official 
Agricultural Chemists,” ed. 6, The Collegiate Press, 
Menasha, Wis , 1945, p. 26 
(6) Ibid., 1945, p. 132. 
(7) Ibid., 1945, p. 571. 
(8) Rosenthaler, L., “The Chemical Investigation of 
Plants,’ G. Bell and Sons, Ltd., London, 
(9) “United States Pharmacopeia™ . Twelfth ‘revision, 
Mack Printing Co., Easton, Pa., 1942, p. 632 
(10) McElvain, S. M., “The Characterization of Organic 
Compounds,” The Macmillan Company, New York, 1947, p. 
196 


(11) McBlvain, S. M., idid., 

(12) Pincus, G., J Clin eadocriwet., 5, 291(1945). 

(13) Costello, é H., “Estrogenic Substances it in Plants,” 
Thesis, Massachusetts College of 

(14) Pincus, G., and Pearlman, W a 
29, 413(1941) 

(15) Zimmerman, W_, Vitamine u. Hormone, 5, 1(1944). 


 @ 
Volume 
Used, Ce Seale A Seale B, % 
0.1 2.1 95.4 
van 0.3 2.75 94.0 
| 


re inherent difficulties encountered in the 
purification of dehydrocholic acid are well 
known. It is relatively easy to prepare this com- 
pound with a melting point of between 230 and 
236°. The elimination of traces of steroids and of 
other acids with structures similar to that of de- 
hydrocholic acid, however, is difficult to accomplish. 
In this laboratory we have used for some time a 
simple method of purification by which it is possible 
to obtain dehydrocholic acid having a melting point 
of 238 to 239°. 


METHOD 


One hundred grams of dehydrocholic acid (m. p. 
230 to 236°) was mixed thoroughly with 230 cc. of 
water, and to this mixture 10 Gm. of sodium hy- 
droxide dissolved in 20 cc. of water was added. 


* Received January 21, 1950, from the Laboratory for 
Organic Chemical Investigation of the National Polytechnic 
Institute, Mexico, D. F. 


A Note on the Purification of Dehydrocholic Acid* 
BY JOSE ERDOS 


When the acid was completely dissolved, 5 Gm. of 
Celite was added, the mixture stirred for ten minutes, 
and then filtered. To the filtrate, sodium chloride 
(35 Gm. for each 100 ce.) was added with continuous 
stirring while the mixture was heated to 60°. It was 
then cooled to approximately 5° and kept at that 
temperature overnight. 

The mixture was then filtered by suction and the 
sodium dehydrocholate thus obtained was dissolved 
in 1 liter of water, and after the addition of Celite 
(Supercell), filtered. The filtrate was diluted with 
another liter of water, and to it was added diluted 
hydrochloric acid (1 in 2) to produce a pH of be- 
tween 2.5 and 2. The dehydrochloric acid thus pre- 
cipitated was collected on a filter, washed with 
water until the washings were free from chloride, and 
finally dried. The melting point of this product was 
238°. Yield: 35-40 Gm., 35-40%. By repeating 
the procedure described above, or by recrystallizing 
from propyl alcohol, the melting point of this de- 
hydrocholic acid was increased to 239.5°. 


A Note on the Isolation of Ursolic Acid from Verbena stricta, Vent.* 
By NYDIA M. KING,} ASIMA CHATTERJEE,{ and LLOYD M. PARKS 


IT THE isolation and purification of the glycoside, 
verbenalin, from Verbena stricta, Vent. (1), there 
was accumulated a considerable quantity of a light 
yellowish green amorphous substance which, because 
of its high melting point, insolubility in the usual 
organic solvents, color reactions and other proper- 
ties, was suspected to be, or to contain, a triterpene 
compound. From this we have isolated ursolic acid 
and identified it by means of its chemical properties 
and derivatives. 


EXPERIMENTAL 


For the routine isolation of verbenalin, the dried 
powdered drug was extracted with ether in 2-Kg. 
portions in a Soxhlet apparatus. During extrac- 
tion the crude glycoside deposited in the bottom of 


* Received August 14, 1950, from the School of Pharmacy, 
University of Wisconsin, Madison. 

t University of Puerto Rico Scholar, 1949-1950. Present 
address: University of Puerto Rico, Pharmacy, 
Rio Piedras, P. R. 

t Present address: Department of Chemistry, University 
College of Science and Technology, Calcutta, India 


the flask and the supernatant liquid was decanted 
and used to extract a fresh portion of drug. For 
purification the crude verbenalin was dissolved in 
hot alcohol and kept overnight, when the container 
was filled with a slimy magma of gelatinous appear- 
ance. This was separated by filtration. Concen- 
trating the filtrate and allowing it to stand yielded 
more of the slimy magma. Repetition of this pro- 
cedure was used to remove most of the nonglycosidal 
material from the alcohol solution which, when 
finally concentrated to a small volume, yielded 
the crystalline glycoside. In this way there was 
accumulated approximately 30 Gm. of the amor- 
phous so-called slimy matter which melted indefi- 
nitely over a range in the vicinity of 250°. 

Ten grams of the amerphous substance was dis 
solved by long refluxing in 500 cc. of ether; to the 
cooled solution in a separatory funnel 5% aqueous 
NaOH was added, with the formation of a yellowish 
precipitate at the interface. The precipitate was 
removed by suction filter and the aqueous alkali 
layer was separated from the filtrate. The addition 
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of more 5% alkali to the ether layer, followed by 
filtration, was continued until no more precipitate 
was obtained. 

The dried precipitate, thus obtained, was dis- 
solved by long refluxing in 900 cc. of absolute alcohol, 
the solution filtered, acidified to Congo red with 
dilute HCl, and poured into 1 L. of water, with the 
separation of a white flocculent precipitate. This 
precipitate was collected by suction, dried, dis- 
solved in alcohol, and the alcohol solution decolorized 
with Norite. Upon standing there was deposited 
from the alcohol 4 Gm. of white amorphous solid 
which melted indefinitely over a range in the 
vicinity of 260°. 

To remove lipoidal matter the 4 Gm. of amor- 
phous solid was extracted by refluxing with three 
successive 100-cc. portions of Skellysolve A. The 
unextracted residue was dissolved in 5% aqueous- 
alcoholic KOH (3:7), the solution digested with 
Norite, and the filtrate acidified with dilute HCl. 
The resulting precipitate, after several recrystalliza- 
tions from absolute alcohol, yielded needle-like 
crystals, m. p. 282°, which gave the typical color 
reaction of a triterpene hydroxy acid with the Lie- 
berman-Burchard test and did not depress the melt- 
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ing point of an authentic sample of ursolic acid 
(m. p., 281-284°; mixed m. p., 282-284°). 

Anal. Caled. for CwoHwO;: C, 78.95; H, 10.53; 
equiv. wt., 456. Found:' C, 78.62; H, 10,64; 
equiv. wt., 456.1, 455.9. [a]*}°° = +65.6, +63.1 
(C = 2.406 in 1 N alcoholic KOH). An authentic 
sample of ursolic acid showed [a]?4;°° = +61.7, 
+60.7 (C = 3.26 in 1 N alcoholic KOH); literature 
reports [a]?4;°° = +62.1, +62.6 (2). 

The acetate, m. p. 282°, and methyl ester, m. p. 
167°, prepared from the ursolic acid which was 
isolated from Verbena stricta, did not depress the 
melting point of the corresponding derivative of an 
authentic sample of ursolic acid (m. p. of acetate, 
286-288°; mixed m. p. 282-285°; m. p. of methyl 
ursolate, 167—-168°; mixed m. p. 167°). 
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Surface-Active Quaternary Ammonium Germicides. 
By Cart A. Lawrence. Academic Press, Inc., 
New York, 1950. vii + 245 pp. 15.5x 23.8cm. 
Price $6. 

In this book the author has provided a heretofore 
much needed review of the entire field of quaternary- 
ammonium surface-active germicides. The de- 
velopments in this field have come, for the most part, 
during the past ten years. The author of this re- 
view was intimately identified with these develop- 
ments and because of this he is eminently qualified to 
review and summarize the extensive literature relat- 
ing to the quaternary ammonium compounds. He 
has accomplished his aim in a most satisfactory 
manner, and the book should prove to be of value to 
anyone interested from any viewpoint in these 
unique compounds which possess germicidal, sur- 
face-active, detergent, and wetting properties. The 
book is divided into 11 sections which include sum- 
maries on the chemistry and the physical properties 
of the quateruary ammonium compounds, biological 
considerations, and pharmacological and toxicologi 
cal data. 

Approximately half of the text is utilized in sum- 
marizing available information on the practical ap- 
plications of the quaternary ammonium compounds 
to surgery, as general disinfectants, and to the vari- 
ous industries in which they are employed 


A final section consists of a table of surface-active 
agents and germicides in which the quaternary am- 
monium compounds presently available are listed 
by trade name, chemical name, and distributor or 
manufacturer. The book is well documented with 
550 references and is provided with an author index. 
The subject index is well planned and quite adequate 
for the location of information on any one of the 
many ramifications of fields of interest involving the 
quaternary ammonium compounds. 

In the introduction the author states: ““The pur- 
pose of this monograph is to accumulate in the pages 
of one volume a review of the history, chemistry, 
biology, and app'ication of the quaternary am- 
monium salts that have appeared in print to date.” 
It is believed that anyone using the monograph will 
enthusiastically agree that the purpose stated by the 
author has bee 1 adequately achieved. 


Chemical Constitution and Biological Activity. By 
W. A. Sexton. D. Van Nostrand Company, 
New York, 1950. xxi + 412 pp. Illustrated. 
15.5 x 25.5cm. Price $10. 

This book presents a more advanced view of the 
realtionship of chemical structure to biological ac- 
tivity than is generally included in books on pharma- 
ceutical chemistry. It will be of particular interest 
to the graduate student and to the teacher, and 
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should hold considerable interest for workers in bio- 
chemistry and pharmacology as well as pharmaceuti- 
cal chemistry. 

It is encouraging to see that the author reviews 
some of the newer concepts of protein structure be- 
fore introducing the subject of enzyme action and 
inhibition. He then presents a brief discussion of 
noncompetitive and competitive enzyme inhibitors. 
This could be made more effective perhaps if more 
of the mathematical treatment of the subject were 
included, but the explanations and definitions seem 
quite clear, and the material is well organized. 

A chapter on physicochemical aspects of drug 
action reviews the various theories based on physical 
characteristics of drug molecules. The author dis- 
cusses the biological effects which may be due to 
differences in bond energy, molecular size and shape, 
and stereochemical structure. Cell permeability 
and orientation of monomolecular layers are also 
considered briefly. 

The section on effects of specific chemical group 
is especially interesting. In it are pointed out the 
effects that have been attributed to the addition of 
methyl, hydroxyl, thiol, and other groups to various 
types of molecules. 

Several of the known classes of metabolites are 
then taken up in order with some information as to 
their biological function, the nature of their combi- 
nations, and some discussion of competitive ana- 
logues. Included in this group are the vitamins, the 
porphyrins, choline derivatives, quinones, and anti- 
biotics. In later chapters are discussed hormones, 
antiprotozoal drugs, fungicides, bactericides, and 
plant growth regulators. 

One chapter contains a discussion of cancer with 
respect to the dyes specific for cancerous tissue, the 
chemicals which have shown some promise in treat- 
ment, and the carcinogenic compounds. 

This book is very well illustrated and documented. 


Proceedings of the First National Conference on 
Cardiovascular Diseases. Published by the Ameri- 
can Heart Association. International Press, New 
York, 1950. xix + 259 pp. 15x 23cm. Price 
$1.75. 


Three years ago, the American Heart Association 
existed only as a body of physicians interested in 
cardiovascular diseases. The National Heart In- 
stitute of the Public Health Service, Federal Secur- 
ity Agency, had not been created by Congress. 

Since 1947 the Association has emerged as a volun- 
tary agency with thousands of lay participants and 
the Institute (established in 1948) has put federal 
resources into the effort to prevent and control heart 
disease. Although many fundamental questions 
about heart disease are still unanswered, we know 
enough today to offer solid reassurance and help to 
many of the estimated 9,000,000 people with cardio- 
vascular disease. Unfortunately, many of these 
cases have not been discovered, and the full resources 
of science and the community have uot been used to 
help many of those classified as cardiacs 

To attack these problems, Dr. John W. Ferree, the 
Association’s Director of Public Health, proposed 
that a representative group of experts in all fields 
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related to cardiovascular disease be brought to- 
gether and asked to help mapa program. This plan 
was quickly approved by the Association and the 
Institute and the two agencies agreed to sponsor a 
national conference. 

The National Conference on Cardiovascular Dis- 
eases, held in Washington, January 18-20, 1950, 
brought together 196 distinguished professional and 
lay leaders to determine what we know about cardio- 
vascular disease and how we can apply knowledge to 
prevent and cure it. 

The conference was a decided success, and before 
the eleven committees left Washington, they wrote 
the reports on their separate committee delibera- 
tions. Since the committees were kept small, the 
Association decided to print a brief summary of the 
conference for distribution to those who could not 
be present. 

The complete record of the conference is con- 
tained in this paper-bound book, which is divided 
into four parts: (1) Stenographic transcripts of the 
general meetings held on the first and third days; 
(2) papers and reports of the section on Technical 
Knowledge and Research; (3) reports of the sec- 
tion on Community Services and Facilities; and (4) 
reports of the section on Professional Education. 
Individual reports are signed with the author’s name. 

The book is well organized, unlike many confer- 
ence reports, and is condensed enough so that it 
should prove useful as a means of quickly bringing 
the reader up-to-date on progress in the field of 
cardiovascular diseases. 


AnIntroduction to the Study of Experimental Medicine. 
By CLaupe Bernarp. HenrySchuman, Inc., New 
York, 1949. xix + 226 pp. 15.5 x 23.5 cm 
Price $3. 

This world-famous classic, first published in 1865, 

has again become available in English. Actually, it 
is more than a classic, it is a classic which is still 
read. It is in fact among the One Hundred Great 
Books which comprise the basic curriculum of St 
John's College. 
* Claude Bernard is the founder of experimental 
medicine, i.e., the artificial production of disease by 
means of chemical and physical manipulation. His 
research in physiology, which is the foundation of 
scientific medicine and the most important part of 
biology, has immortalized his name. His important 
work included the study of the function of the pan- 
creas gland and the glycogenic¢ function of the liver 
which throws light on the cause of diabetes. In 
addition, Bernard is credited with the discovery of 
the vasomotor system. 

For many readers the most interesting and valu- 
able part of the Jntroduction will always be Bernard's 
descriptions of the successive steps of each of his 
principal discoveries and his consequent deduction 
of the way in which the mind of a scientist goes to 
work on a problem 

General physiology, of which Bernard is the 
founder, was destined to remain undeveloped until 
long after his death. ‘Today, with the aid of a 
physical chemistry unknown to the contemporaries 
of Claude Bernard, it is fulfilling the promise which 
he alone could clearly see. 
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New and Nonofficial Remedies, 1950. The Council 
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xxii + 815 pp. Illustrated. 14x 21cm. Price 
$4. 


Your Hair: Its Health, Beauty, and Growth. By 
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22.5¢em. Price $2.95. 


Physico-Chemical Constants of Pure Organic Com- 
pounds. By J. Timmermans. Elsevier Pub 
lishing Company, Inc., New York, 1950. viii + 
693 pp. 17x24.5cm. Price $12.50. 

Cell Physiology and Pharmacology. By J. F. Dan 
reLur. Elsevier Publishing Company, Inc., New 
York, 1950. viii+ 156 pp. Illustrated. 15.5 x 
23.5cm. Price $3. 

The Condensed Chemical Dictionary. 4th ed. 
Francis M. Turner, Editorial Director. Re- 
vised and enlarged by Arthur and Elizabeth Rose. 
Reinhold Publishing Corporation, New York, 
1950. xxix + 726pp. 16x 23.5cm. Price $10. 

The Biochemistry of B Vitamins. By Rocer J. 
Ropert E. EAKIN, ERNEST BBEER- 
STECHER, Jr., and Suive. Reinhold 
Publishing Corporation, New York, 1950. x + 
pp. 15.5x23.5em. Price $10. 


1951 Iodine Research Award Nominations Requested 


Nominations are now being received by the 
AMERICAN PHARMACEUTICAL ASSOCIATION for the 
1951 Chilean Iodine Educational Bureau Award 
recognizing outstanding research in the chemistry 
and pharmacy of iodine and its compounds as 
applied in pharmacy or medicine. Any member 
of the ASSOCIATION may propose a nominee by 
submitting eight copies of each of the publications 
to be considered in the competition, a biographi- 
cal sketch of the nominee including date of birth, 
and a list of his publications. Eight copies of 
the nomination must be submitted to Robert P. 
Fischelis, Secretary of the AMERICAN PHARMA- 
CEUTICAL ASSOCIATION, 2215 Constitution Ave., 
N. W., Washington 7, D. C. To be eligible for 
the 1951 Award, nominations must be received 
on or before January 1, 1951. 

A nominee must be a resident of the United 
States or Canada. 
outstanding research in the chemistry or phar- 
macy of iodine and its compounds as applied in 
pharmacy or medicine 

During the period covered by the nomination 
the nominee shall have been actively engaged in, 


He must have accomplished 


shall have completed, or shall have published a 
report upon the line of investigation for which 
the award is made. During the period of two 
years prior to the date of nomination, the 
nominee shall not have been engaged in research 
under the sponsorship of the Chilean Iodine 
Educational Bureau, Inc. 


The award consists of $1000 and a diploma 
setting forth the reasons for selection of the 
recipient. It may be presented annually at the 
annual meeting of the ASSOCIATION. 

The recipient will deliver a paper or lecture 
upon the subject of his scientific work at the 
meeting at which the award is conferred. His 
paper, or address, will then be published in the 
JOURNAL OF THE AMERICAN PHARMACEUTICAL 
AssociaTIon. In addition to the sum of the 
award, the recipient will receive an allowance of 
not more than $250 to defray his expenses in 
attending the meeting. 

The recipient will be selected by an award 
committee which is appointed by the chairman 
of the Association's Council. The present com- 
mittee includes Justin L. Powers, chairman; 
Louis Gershenfeld, Charles O. Wilson, Harvey 
B. Haag, Heber W. Youngken, John C. Krantz, 
and Frank O. Taylor. 

The award is now in its fourth year. The re- 
cipient of the first award was Dr. William T. 
Salter, Yale University pharmacologist and the 
second recipient was Dr. George M. Curtis, 
Chairman of the Department of Surgical Re- 
search and Professor of Surgery at Ohio State 
University. 

Dr. C. P. Leblond, Professor of Anatomy, 
McGill University, Montreal, Canada, will re- 
ceive the third award and will give the 1951 
Iodine Award lecture. 
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You gain when we concentrate 


on fewer fine chemicals 


One of our specialties: iodides 


What is the job you have for lodides? 

1s ot in the medicinal, phermaceutic: al, 

photographic or food held? 

For any of these, Baker has a complete line of lodides 
that will best fill your fine chemueal needs, best 

fit the jobs you have for them. 

Concentration on lodides as one of our specialties 

makes this possible. Baker manufactures .S.P 

lodides, also lodides to meet the specific 

needs of many industries. 

In the medicinal field—for manufacturers of 

‘Tincture of lodine—and for photographic uses— Baker 
supplies Potassium lodide U.S.P.. also Sodium lodide 
U.S.P. and lodine U.S.P. Resublimed 

For salt manufacturers, Baker supplies Potassium 

lodide in crystal, granular or powder form. 

For manufacturers of poultry and livestock feeds, Potasssum 
lodide is made as 90-10 mixture, the 10°) being Calerum 
Carbonate or Magnesium Carbonate or Calcium Stearate 
Whatever your requirements for lodides—call on Baker 
Samples and prices will be forwarded gladly upon request 
Address: Fine Chemical Division. J. T. Baker Chemical Co, 

Phillipsburg, New Jersey. 
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There are miracles being performed these 
days in the pharmaceutical industry 
the unbelievable is happening every day 


Products which must be dried and sealed in 

vials under absolutely sterile conditions are being 
produced without the necessity of sterile drying 

rooms. By means of an amazing new process vials 
are filled and stoppered under sterile conditions and 
then dried and removed from the dryer still stoppered 


Sounds like a miracle and it really is but it is now 
being accomplished 


The formula for this miracle is to take the right bottle, by 
Kimble Glass; use the right stopper developed by Dry-Freeze 
Corporation; dry by the right process, developed by 
Dry-Freeze and use the right selective absorption drying 

unit manufactured by Proctor & Schwartz, Inc 


This new, patented drying process uses infra-red radiation, in certain 
very effective wave lengths in such a way as to dry the product 
quickly and still leave it unchanged chemically or biologically. € 


Five nationally prominent pharmaceutical laboratories now have in 
use—or are about to start in use one or more of these unique selective 
absorption heating units— with others on order for short delivery. 


For complete information write today to Proctor & Schwartz, Inc. 


Photo of a self-contained unit shows the arrange 
PROCTOR & SCHWARTZ, INC. 


S Pe 2,445,120 —-Li tor ot 
7TH STREET AND TABOR ROAD, PHILA. 20. PA 


Dry Freese 
Boulevasa, Chicago 6 
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